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The Influence some Synthetic Oestrogens and Related Substances 
upon the Succinoxidase System Rat Liver 


Courtauld Institute Biochemistry, Middlesex Hospital Medical School, London, 


(Received March 1948) 


Practically nothing known concerning the manner 
which oestrogens, either natural synthetic, 
bring about their characteristic effects vivo, and 
the difficulty correlating oestrogenic activity with 
chemical structure notorious. Particular interest, 
therefore, attaches the observations McShan 
Meyer (1946) apparently specific inhibition 
the succinoxidase enzyme complex rat liver and 
pituitary tissues, produced stilboestrol (4:4’-di- 
hexoestrol and dien- 
oestrol low concentrations. These workers in- 
dicated that the inhibition was exerted not upon the 
succinic dehydrogenase, but upon the cytochrome 
oxidase component the system, being thereby 
distinguished from inhibitions the type produced 
malonate, from which also differed respect 
the markedly lower concentrations oestrogen 
necessary inhibit given degree. When one 
both the 4:4’ phenolic hydroxyl groups were re- 
placed carboxymethoxy groups was reported 
that the inhibitory power the resulting compounds 
towards succinoxidase and the oestrogenic potency 
declined parallel. These findings, was pointed 
out the authors, suggest that the oestrogenic 
effect such compounds functionally associated 
with their action upon the succinoxidase system. 
This possible elucidation the mode action 
oestrogens acquires enhanced significance the 
light the relationship existing some cases be- 
tween oestrogenicity and carcinogenicity. the 
elicitation oestrous neoplastic response 
the living organism could shown consistently 
associated with the ability the agent interfere 
with specific enzymic reaction, fundamental 
contribution our understanding these processes 
would have been made. have, therefore, amplified 
the observations McShan Meyer (1946) 
investigating the action wider range oestro- 
gens, and substances related chemical structure 
whose oestrogenic potency slighter some 
instances negligible. The hypothesis that oestro- 
genicity correlated with the property inhibiting 
some component the succinoxidase system not 
supported our results. Since this work was com- 
pleted further communication McShan, Meyer 
Erway (1947) has appeared which the concept 
likewise abandoned. Some our experiments, 


Biochem. 1948, 


however, throw interesting light upon the question 
the constitution the succinoxidase system. 
Evidence has been previously adduced that suc- 
cinate, activated its dehydrogenase, not, 
was once thought, capable reacting directly with 
the cytochrome c-cytochrome oxidase complex, nor 
reducing cytochrome without the intervention 
other intermediates, and the findings reported 
here support this view. 


EXPERIMENTAL 


general the technique McShan Meyer (1946) was 
followed closely. source the succinoxidase system 
and its components, homogenized rat liver was used. Adult 
males from the laboratory stock were killed decapitation 
and the appropriate amounts tissue excised, weighed and 
homogenized immediately ice-cold glass-distilled water 
the method Potter Elvehjem (1936). The activity 
the homogenates was unaffected storage for several 
hours 0°, and was found advantageous routine 
allow them stand for hr. the refrigerator, and then 
decant the supernatant suspension from the slight sedi- 
ment coarse undisintegrated cell debris. This yielded very 
uniform dispersions which could accurately pipetted and 
gave highly reproducible results, replicates commonly 
agreeing within 3%. Preparations which had been 
kept for hr. more usually retained over 80% 
their succinoxidase activity, but view possible 
differential deterioration the constituents the enzyme 
system, results obtained with such homogenates are not 
included. The final homogenate was customarily used 
concentration (in terms fresh tissue) for suc- 
cinoxidase succinic dehydrogenase assay, and 
for cytochrome oxidase determination. The equivalent dry 
weights tissue were determined drying samples 
homogenate constant weight 

Cytochrome was prepared from heart muscle freshly 
slaughtered horses the method Keilin Hartree 
(1937), the only modifications being that glass-distilled 
water was used instead dilute NaCl for the final dialysis, 
and that the product was stored the refrigerator 
aqueous solution without chloroform other pre- 
servative. Standardization was carried out spectrophoto- 
metrically with the Hilger-Nutting instrument, and the 
preparations showed evidence deterioration over 
period several months. 

Sodium succinate was prepared accurate neutrali- 
zation concentrated aqueous solution pure succinic 
acid with NaOH, followed precipitation and washing 
with ethanol, filtration and drying. 
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The substances tested for inhibitory activity are listed 
laboratory for carrying out the synthesis the majority 
and for generously presenting with specimens. The 
oestrogenic potency was assayed this laboratory the 
usual routine technique, using rats (Wilder Smith 
Williams, 1947). The ‘oestrogenically active dose’ the 
total weight compound which, when administered 
injections over 3-day period, results 100% 
positive response. The method which solutions these 
compounds were obtained was substantially that outlined 
McShan Meyer (1946); they were dissolved small 
quantities which was then partly neutralized 
with HCl and subsequently diluted with distilled water, the 
quantities being adjusted that the resulting solutions 
were with respect NaOH, with respect 
NaCl, and the desired molarity, usually between 
and with respect the substance under 
test. Sometimes poor solubility the inhibitor necessitated 
stronger alkali; all cases appropriate control solutions 
were made with NaOH and HCl and added the 
control manometric vessels the experiments. Incon- 
sistencies preliminary results were traced the circum- 
stance that the oestrogens inhibitors were occasionally 
partially, wholly, precipitated from their alkaline 
solutions being mixed with the rest the contents 
the reaction vessels, which were buffered lower pH, 
Attempts overcome this difficulty such 
expedients the use caffeine solubilizer (Weil- 
Malherbe, 1946) were unsuccessful because purines the 
concentrations necessary inhibited the succinoxidase system 
powerfully; the use more alkaline buffers prevent 
precipitation also severely impaired the enzymic activity. 
Solutions some the compounds were supersaturated, 
and often spontaneously deposited crystals within hour 
two; for this reason they were always made im- 
mediately before use. was found that the tendency 
precipitate the reaction mixtures was much reduced 
the inhibitors were introduced into the Warburg flasks 
before any the other constituents the reaction mixture 
other than water, and this was made standard routine. 
addition, ‘pilot’ mixtures were set which samples 
the inhibitor solutions were added mixtures which 
imitated the contents the experimental vessels except 
that homogenate and cytochrome were omitted; was 
then possible reasonably certain whether the sub- 
stances were were not remaining solution. 

Conventional Warburg manometric technique was em- 
ployed. When homogenates were used, the procedures for 
assay succinoxidase and cytochrome oxidase described 
Schneider Potter (1943) were followed essentials. 
For succinoxidase, each vessel contained 0-2 ml. enzyme 
preparation; 0-2 ml. solution with respect 
0-1 ml. 0-3 ml. inhibitor con- 
trol solution; 1-0 ml. phosphate buffer 7-4); 
and glass-distilled water make total volume 3-0 ml. 
cytochrome oxidase investigations the succinate was 
replaced 0-3 ml. ascorbate (freshly pre- 
pared neutralization ascorbic acid with NaOH); 
1-0 ml. was used instead 0-1 ml.; 
and the concentration the homogenate was reduced from 
For the measurement succinic dehydro- 
genase activity, cytochrome was omitted, and 0-5 ml. 
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aqueous solution brilliant cresyl blue (Weil- 
Malherbe, 1937; McShan Meyer, 1946) was included; 
sometimes cyanide concentration was present 
all experiments with homogenates the gas phase was air. 

Slices and strips tissue were used phosphate- 
Ringer solution, 7-4 (Dickens Simer, 1930), which 
succinate and dissolved oestrogen 
control solution were added. The centre wells contained 
0-2 ml. 10% NaOH, the total fluid volume was 2-2 ml., 
and the gas phase was O,. Flasks were shaken 
oscillations/min. water bath Spectroscopic 
observations were made either with hand spectroscope 
with Hilger constant deviation wave length spectrometer. 


RESULTS 


Under the conditions stated the Qo, succinate 
oxidation the liver homogenates was consistently 
the neighbourhood the controls, rarely 
falling below exceeding 75. This fairly 
good accord with the figures McShan Meyer 
(1946) and other American workers, though 
agrees poorly with recent values given Hoch- 
Ligeti (1947) this country, which the average 
were the order half this magnitude. However, 
the discrepancy may largely accounted for the 
fact that used mg. wet tissue ml., with 
the addition calcium and aluminium ions, whereas 
Hoch-Ligeti (1947) used tissue the 
absence and For the oxidation 
ascorbic acid cytochrome oxidase the range 
variation was somewhat wider, but the values 
were always between 300 and 400. 

When succinic dehydrogenase activity was 
measured the presence brilliant cresyl blue, 
with without cyanide, but the absence added 
cytochrome the value was generally reduced 
less than half its normal level, i.e. about 30. 
Some specimens this dye seemed more injurious 
the enzymes than others; their use was naturally 
avoided when possible. Methylene blue proved 
markedly less efficient carrier, and after pre- 
liminary trials was not employed these experi- 
ments. 


Inhibition succinoxidase liver homogenates 


Table contains the summarized results showing 
the overall inhibition succinoxidase the whole 
range compounds tested, presented the form 
percentage inhibitions relation the control 
values, for three levels concentration inhibitor. 
These inhibitions have been calculated the basis 
the average over the first four min. periods; 
the uptake was almost invariably nearly linear for 
least twice that time. Several tests were made 
with each substance; flasks were set duplicate, 
and habitually gave agreement within less than 
5%, the mean value being taken. The figures 
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Table are taken from the protocols single typical 
experiments, and are fully representative since dis- 
cordant anomalous results were not encountered, 
except few occasions when the inhibitor had 
precipitated from solution. 
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almost negligible inhibitory power, while their 
effectiveness oestrogens considerable. The most 
convincing evidence perhaps that furnished 
bisdehydrodoisynolic acid methyl ether and 2-(6’- 
acid, 


Table Structure, oestrogenic potency and inhibitory power towards succinoxidase compounds tested 


(The compounds are grouped according their activity the basis: high oestrogenic activity =oestrogenic dose mg.; 


high inhibitory power >50% inhibition 


Percentage inhibition molar conc. 


Oestrogenic 

High oestrogenic and high inhibitory activity 
Stilboestrol <0-5 pg. 100 
Hexoestrol 0-2 100 

High oestrogenic and low inhibitory activity 
Dicarboxymethoxyhexoestrol (sodium salt) 200 

phenanthrene-2-carboxylic acid (bisdehydro- 
doisynolic acid ether) 

Low oestrogenic and high inhibitory activity 
4-Hydroxy benzylideneacetophenone 100 

Low oestrogenic and low inhibitory activity 
>100 


1-Naphthol 


Table shows that there systematic corre- 
lation between oestrogenic and inhibitory powers. 
true that the potent oestrogens stilboestrol, 
hexoestrol and dienoestrol strongly inhibit suc- 
cinoxidase, but racemic whose oestro- 
genic potency about 1/5000 that mesohexoestrol, 
exhibits only slightly less inhibitory capacity. The 
sodium and potassium salts the sulphates, phos- 
phates and carboxymethoxy derivatives (so-called 
oxyacetates substituted glycollic acids) possess 


which are among the most powerful synthetic oestro- 
gens known, and yet exert virtually inhibition 
upon the succinoxidase system. Compounds which 
exert powerful inhibition succinoxidase, but pos- 
sess low oestrogenic activity, include 4:4’-dihydroxy- 
stilbene, the two benzylideneacetophenones, 
amylphenol, 4:4’-dihydroxytriphenylmethane, 
and 
phenylphenol. 
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The effect oestrogens the metabolism 
tissue slices and strips 


There great effect this group substances 
the respiratory rate sliced intact tissues. 
Fig. shows slight stimulating effect hexoestrol 
and upon the respiration liver slices 
the absence added succinate; when succinate 
present substrate, however, the effect 
abolished. Inhibitory effects similar those 
observed with homogenized tissue were not seen. 


100 


uptake dry wt.) 


Time (hr.) 


Fig. Effect oestrogens metabolism rat-liver 
slices. Lower three curves, succinate; upper three 
curves, succinate present. oestrogen; hexoestrol 
record does not extend beyond min. owing experi- 
mental mishap.) 


Since oestrogenic hormones vivo have pro- 
nounced effect the uterus and vagina, was 
interest examine the vitro effect these organs. 
The tissues were dissected from freshly killed 
ovariectomized rats dioestrus, and were intro- 
duced into the Warburg flasks with treatment 
beyond being opened with scissors that their 
entire surfaces were freely accessible the liquid 
the vessels. The was measured the usual 
way, using succinate added substrate, but 
significant differences were detectable between the 
controls and the systems containing oestrogen 
(dienoestrol). 
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oestrogens the metabolism 
homogenates 


These inhibitors might conceivably act stimu- 
lating the oxidative formation from malate oxalo- 
acetate, which powerfully inhibits succinic dehydro- 
genase; and has been shown Swingle, 
Elvehjem (1942) that the probable function 
ions accelerating the oxidation succinate 


(whence their inclusion the reaction mixtures 


employed the work described this paper) that 
assisting the enzymic destruction coenzyme 
the latter being essential for the formation 
oxaloacetate. Oxaloacetate may also removed 
transamination with glutamate, yielding «-keto- 
glutarate and aspartate, and Swingle al. (1942) 
found that glutamate reverses the inhibition the 
succinoxidase system caused oxaloacetate, and 
stimulates the succinoxidase system extent 
comparable with the effect calcium. experi- 
ment was carried out test the effect 
(Table 2), but evidence was obtained that its 
presence affected any way the inhibition produced 
stilboestrol. 

McShan Meyer (1946) considered that the locus 
the inhibition was the cytochrome oxidase com- 
ponent the succinoxidase system, since they 
found that concentration oestrogen which in- 
hibited the complete succinoxidase system pro- 
nounced degree had only feeble effect upon succinic 
dehydrogenase, whereas cytochrome oxidase was 
markedly affected. Using their 
figures show average inhibition for 
cinoxidase, for oxidase, and 11% 
for succinic dehydrogenase. This evidence for at- 
tributing stilboestrol exclusive effect upon 
cytochrome oxidase not entirely convincing; and 
our own values are even less so, indicating general 
distinctly higher figure, the region 30%, for 
the inhibition the dehydrogenase. 

order investigate this matter further, and 
especially ascertain whether the mechanism 
interference with the succinoxidase system these 
inhibitors the same irrespective their oestro- 
genic potency, selected from the compounds 
listed Table few showing marked inhibitory 
power but feeble oestrogenicity, and studied their 
effects upon the three systems, succinoxidase, 
oxidase and succinic dehydrogenase. 


Table Influence glutamate the inhibition succinoxidase due stilboestrol 


(Ca** and Al*** omitted from reaction mixtures. Concentration stilboestrol 10-*m.) 


Control 


Inhibition due stikboestrol 


Stilboestrol 
Stilboestrol Glutamate glutamate 
18-5 63-9 17-0 


110 
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The following were chosen: 2-phenylphenol, 4:4’- 
ethane and 4-hydroxybenzylideneacetophenone. 
The first two concentration and the second 
two concentration inhibit succinoxidase 
liver homogenates Stilboestrol was 
also included representative the class 
strong inhibitors which are powerfully oestrogenic. 
The results summarized Table were all obtained 
with the same preparation rat-liver homogenate. 
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may preponderate over that the latter, and vice 
versa. But one compound, 4:4’-dihydroxystilbene, 
stands out peculiar interest that, while 
second only stilboestrol its ability inhibit 
the oxidation succinate the complete system, 
has effect upon succinic dehydrogenase and 
virtually none upon cytochrome oxidase. Further 
experiments showed that, even concentration 
which almost completely abolished the overall 
oxidation succinate, the cytochrome oxidase and 


Table Differential inhibition the succinic oxidase system 


Inhibitor 
Stilboestrol 
4:4’-Dihydroxystilbene 
2-Phenylphenol 
4-Hydroxybenzylideneacetophenone 


apparent that the inhibition succinoxidase 
activity cannot explained adequately terms 


o 


300 
200 
150 
o 
x = 
100 


Time (min.) 


cytochrome oxidase (upper pair continuous curves), 
succinic dehydrogenase (lower pair continuous curves) 
and the complete succinoxidase system (discontinuous 
curves). Minus sign, without inhibitor; plus sign, with 
inhibitor. The ordinates indicated the right-hand side 
apply cytochrome oxidase only. Inhibitions (%): 
succinoxidase, succinic dehydrogenase, cytochrome 
oxidase, 


that either cytochrome oxidase de- 
hydrogenase; furthermore, inhibition the former 


Percentage inhibition enzyme system 
(calculated first min.) 


Complete 
succinoxidase Succinic Cytochrome 
system dehydrogenase oxidase 


the succinic dehydrogenase were practically un- 
affected this substance (Fig. 2). clear that 
the mechanism inhibition involves some factor 
stage additional those yet considered. 

was noticed that when cytochrome was added 
the buffered flask contents containing 4:4’-di- 
hydroxystilbene, prior the introduction the 
enzyme preparation, change colour suggestive 
partial reduction the cytochrome took place with- 
few minutes. This was confirmed the appear- 
ance the absorption bands reduced cytochrome 
(though not great intensity) under these con- 
ditions. the inhibition succinoxidase produced 
the stilbene derivative depends upon the partial 
destruction immobilization cytochrome, 
should reversed large increases the amount 
cytochrome available. The experiment recorded 
Fig. was carried out test this possibility. The 
lowest concentration cytochrome employed here, 
oxidase system with this component. concen- 
tration 4:4’-dihydroxystilbene giving con- 
venient degree partial inhibition, there were 
significant differences the oxygen uptake with 
two- five-fold increase cytochrome concen- 
tration. 

Further observations indicate that the inhibitors 
may affect either the reduction the reoxidation 
cytochrome controls without oestrogen, the 
cytochrome the end experiment always 
the oxidized state; becomes reduced few 
minutes standing and can reoxidized 
shaking with air. The process freely reversible. 
complete nearly complete inhibition succin- 
oxidase has been caused stilboestrol, hexoestrol, 
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seen irreversibly reduced. only partial in- 
hibition has been produced one these com- 
pounds the cytochromé oxidized the end 
experiment and becomes reduced standing, 
the controls, but slower rate depending upon the 
concentration oestrogen. Thus, while increasing 
concentrations oestrogen progressively retard the 
reduction cytochrome once this has been accom- 
plished the oestrogen, high enough concen- 
tration, has the opposite effect completely pre- 
venting its reoxidation. Clearly, therefore, more 
factors than one are affected these compounds 
and the situation more complex than McShan 
Meyer’s (1946) explanation would imply. 


= 
> 
~ 
£ 
a 


Time (min.) 

Fig. Effect varying concentration cytochrome 
upon the inhibition succinoxidase produced 
Cytochrome concen- 
Upper group curves: inhibitor. Lower group 
curves: inhibitor present. 


The behaviour 4:4’-dihydroxystilbene 
This completely inhibits about the 
same concentration does stilboestrol, but such 
cases the cytochrome the reaction mixtures 
invariably the completely oxidized state, and can- 
not reduced prolonged standing anaerobic 
conditions. Since has been shown that the suc- 
cinic dehydrogenase unimpaired follows that 
some factor which links that enzyme cytochrome 
has been put out action. 


DISCUSSION 


The hypothesis originally put forward McShan 
Meyer (1946), that relatively simple and specific 
biochemical property, that inhibiting known 


CASE AND DICKENS 


1948 


enzyme, could ascribed all oestrogenic sub- 
stances, has been shown fallacious. the one 
hand, there are oestrogens which not inhibit 
succinoxidase; and the other, compounds 
structurally closely allied, but, nevertheless, non- 
oestrogenic nearly so, which inhibit strongly. 
already mentioned, McShan al. (1947) have also 
come this conclusion. They too encountered 
slightly oestrogenic and non-oestrogenic substances 
which were highly effective inhibitors, although, 
because they studied rather limited series 
oestrogens, they did not demonstrate the converse. 
The fact that they substances thyroxine 
and hydroquinone inhibitors strengthened 
their opinion that the presence phenolic groups 
the molecule associated with the property 
question. This probably so, although our results 
(Table not support the implication the 
American authors that the number phenolic 
groups the molecule bears direct relation the 
ability inhibit succinoxidase. 

cannot yet explain the absence inhibitory 
effect oestrogens tissue slices and strips, but 
considerations permeability intact cells pre- 
cipitation, destruction inactivation the oestro- 
gen the tissue might all involved. The appear- 
ance the liver slices after experiment was 
sometimes suggestive layer insoluble material. 
There evidence the literature that oestrogens 
are inactivated liver vivo and vitro. For 
example, Heller (1940) demonstrated oxidative in- 
activation natural oestrogens liver slices; 
Zondek, Sulman Sklow (1943) extended this 
observation stilboestrol, and Zimmerberg (1946) 
reported that stilboestrol could inactivated either 
conjugation oxidation. Levy (1947) produced 
evidence that cytochrome and cytochrome oxidase 
are implicated the inactivation oestradiol 
liver. 

The main interest the work that have 
reported lies the question the precise point 
points attack which the inhibitors prevent the 
succinoxidase system homogenates from function- 
ing normally. Many them apparently interfere 
with more than one stage the enzyme complex, 
but the existence factor linking succinic de- 
hydrogenase cytochrome indicated the 
inhibition exerted specifically that point 4:4’- 
dihydroxystilbene. Such suggestion course has 
been made frequently during the past decade, and 
there little doubt that the classification succinic 
genase’ (Green Brosteaux, 1936) hardly valid 
without modification. Hopkins, Lutwak-Mann 
Morgan (1939) and Stern Melnick (1939) indicated 
the probable necessity postulate factor able 
link succinic dehydrogenase the cytochrome 
system. Dixon Zerfas (1939) put forward similar 
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claim for yeast lactic dehydrogenase, another so- 
called ‘cytochrome-reducing’ enzyme; Bach, Dixon 
Zerfas (1946) adduced further evidence that new 
factor designated cytochrome forms essential 
part this enzyme system, and gave reasons for 
believing that additional factor necessary 
gear cytochrome Keilin Hartree (1940) 
referred the possible existence intermediate 
factor mammalian succinoxidase, while not ex- 
cluding the view that integrity colloidal structures 
might the consideration involved. Elliott (1940) 
believed that succinoxidase inhibitor which 
extracted from tumours and other tissues, and re- 
garded proteolytic enzyme, acted upon some 
entity additional succinic dehydrogenase and 
cytochrome oxidase. Straub (1941) was able 
sever the linkage between the dehydrogenase and 
the cytochrome system, and then remedy the 
deficiency means heart preparation, thereby 
reconstituting the whole succinoxidase system. More 
recently, Stoppani (1947) has shown that soluble 
factor can obtained from liver which able 
link succinic dehydrogenase with cytochrome One 
the most interesting contributions relation 
the work described the present paper that 
Ball, Anfinsen Cooper (1947), who studied the 
inhibition succinoxidase preparation from heart 
muscle series 2-hydroxy-3-alkylnaphtho- 
quinones. These proved extremely potent in- 
hibitors succinoxidase even lower concentra- 
tions than those requisite with our inhibitors, and 
were without action upon cytochrome oxidase. 
However, succinic dehydrogenase, though not the 
sole main seat the effect, was considerably 
inhibited when functioning with methylene blue; 
that although the naphthoquinones used Ball 
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al. (1947) are undeniably highly useful tools for the 
elucidation the sequence events succinate 
oxidation, may that 4:4’-dihydroxystilbene, 
and possibly other compounds the same type, are 
capable yielding clearer results virtue their 
narrower specificity. Very recently Slater (1948) has 
published preliminary report evidence, based 
study the inhibition succinoxidase 2:3- 
(BAL), which leads con- 
clusions substantially identical with those expressed 
here. 


SUMMARY 


Theoestrogenic potency synthetic oestrogens 
not correlated with their efficacy inhibitors 
the succinoxidase system rat liver. Some powerful 
oestrogens have little inhibitory capacity, and 
the converse true many compounds closely 
related chemically the oestrogens. 

The point the array respiratory enzymes 
which the inhibition takes effect varies from one 
compound another. The relative extents which 
succinic dehydrogenase and cytochrome oxidase 
are inhibited are not the same for different sub- 
stances. 

4:4’-Dihydroxystilbene, which possesses 
oestrogenic activity, especially noteworthy be- 
cause exerts powerful inhibitory effect upon the 
succinoxidase system which not due inter- 
ference either with succinic dehydrogenase with 
cytochrome oxidase. The substance likely, there- 
fore, valuable the further investigation 
the respiratory enzyme complex. 

Further evidence adduced favour the 
hypothesis that the succinoxidase system involves 
hitherto uncharacterized factors. 
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The Apparent Arginine Content Human Plasma Proteins 
the Sakaguchi Reaction 


KEYSER,* Postgraduate Medical School, London, 


(Received March 1948) 


The Sakaguchi (1925) reaction consists the forma- 
tion unstable red compound treatment 
protein with sodium hydroxide, «-naphthol and 
sodium hypochlorite. given certain guani- 
dine derivatives, notably arginine. Sakaguchi found 
that the intensities the colours developed 
serum albumin and globulin were approximately 
equal under the conditions employed; but 
conclusions could drawn the actual arginine 
content these unhydrolyzed proteins, since some 
proteins known contain very little arginine gave 
relatively stronger reaction, weight for weight, 
than others rich the amino-acid. modification 
the reaction was applied quantitatively protein 
hydrolysates Weber (1930), who substituted 
sodium hypobromite for hypochlorite and stabilized 
the colour adding urea. Weber also observed 
that the colorimetric determination arginine 
unhydrolyzed proteins was not possible, since the 
colour values found were much less than would 
expected from the actual arginine content (cf. also 
Calvery, 1945). modification Weber’s hypo- 
bromite method was applied protein hydrolysates 
Jorpes Thorén (1932), who found that the 
apparent arginine content decreases linearly with 
increase the amount arginine used for analysis: 
extrapolation zero concentration would thus 
expected give close approximation the true 
arginine value. Using this technique, which stated 
give results satisfactory agreement with those 
obtained isolation the amino-acid the mono- 
and di-flavianates, Brand and his co-workers (Brand 
Kassell, 1942; Brand, Kassell Saidel, 1944; see 
also Brand Edsall, 1947) found the following 
values for the arginine content human plasma 
proteins (in g./100 protein): albumin 6-2, 
y-globulin 4-8, 6-8, «-globulin 7-7, fibrin 
7-9. Other workers found somewhat lower values 
the application isolation procedures (Block, 1938), 
e.g. for albumin and for globulin (Murrill, 
Block Newburgh, 1940). 

The present investigation was undertaken 
result the recent publication Albanese and his 
co-workers (Albanese Frankston, 1945; Albanese, 
Irby Saur, 1946; Albanese, Saur Irby, 1947) 
modification the Sakaguchi reaction which they 
used for the estimation unhydrolyzed plasma 
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proteins. that when alkaline solutions 
plasma proteins were submitted this modified 
Sakaguchi reaction and compared with arginine 
standard, values were obtained which, when multi- 
plied factor, gave figures closely approximating 
those obtained the method. 
The present findings with plasma proteins differ 
from those Albanese and his colleagues several 


respects. 
METHODS 


The Albanese method consists taking ml. sample, 
containing about mg. protein adding 
ethanol) with vigorous mixing, and allowing stand for 
then adding ml. 0-06N-NaOCl and, exactly 
min. later, ml. 20% (w/v) urea; and finally reading 
arginine solution similarly treated. For the differential 
estimation the plasma proteins the 
technique Kingsley (1940) used. Albanese took 
sample the Na,SO, solution for the ‘albumin’; and for 
the ‘globulin’ determination dissolved the globulin disk 
NaOH and tested sample. 

Carrying out the test, described Albanese, pro- 
portionality colour over the normal range plasma 
protein values was not obtained until the hypochlorite 
concentration was increased from 0-06 Even 
with this concentration, however, there slight falling off 
proportionality above the upper limits the normal 
range plasma protein values. worth remarking that 
Albanese employed commercial preparation known 
‘Clorox’, which might possibly have contained activators 
some sort. used British Drug Houses Ltd. NaOCl 
solution. dilution ‘Milton’ gave similar results.) 
determining how closely the colour developed was corre- 
lated with the content, modified the procedure 
slightly, allow more precision avoiding the 
cumulative error involved pipetting. the ml. sample 
protein NaOH (in ml. volumetric flask), 4-5 ml. 
water were added, followed the other reagents and 
water final volume The extinction was 
measured with Hilger Spekker absorptiometer, with Ilford 
colour filter 604 (spectrum green). colour development 
influenced temperature, all tests were carried out 
water bath 22°. 

For total proteins, 0-5 ml. plasma was mixed with 
ml. water and the proteins precipitated the addition 
ml. (w/v) trichloroacetic acid. After min. the 
proteins were spun down and the tube inverted and drained. 


Bull, working independently this School, 
also found necessary increase the NaOCl concen- 
tration. 
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The protein was then dissolved ml. 2-5n-NaOH 
room temperature. (No significant amount lost 
under these conditions.) 

For the differential protein estimation, ml. plasma 
was added ml. 23% (w/v) and the mixture 
shaken vigorously with ml. ether for min. centri- 
fuging, the ‘globulin’ collects disk the junction 
the water and ether layers. The aqueous (‘albumin’) layer 
was decanted; careful decantation the ‘globulin’ disk 
could made adhere the side the tube. After 
draining, the ‘globulin’ was thoroughly washed with 10% 
trichloroacetic acid, centrifuged, and finally dissolved 
(usually ml.). 
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portion the ‘albumin’ filtrate was mixed with 
trichloroacetic acid and the precipitate spun down. After 
decanting the supernatant liquid and draining, the ‘albu- 
min’ was washed with trichloroacetic acid and again spun 
and drained. Finally was dissolved ml. 
NaOH. 

some cases the total protein, ‘albumin’ and ‘globulin’ 
were precipitated not with trichloroacetic acid but with 
molybdic acid which gave sharper precipitation. 

The washing the ‘albumin’ and ‘globulin’ was necessary 
remove which was found enhance the colour 
produced under the conditions the test. Thus, the 
addition ml. 23% increased the extinction 


Table Colours produced the Sakaguchi reaction with (total) plasma proteins 


Drum Plasma protein Protein Specific 
reading 6-25) test extinction 
Specimen Diagnosis ml.) (mg.) coefficient 

Uraemia 0-586 6-55 3-275 0-1790 
Hyperthyroidism 0-582 6-71 3-355 0-1732 
Gastric ulcer 0-539 6-07 3-035 0-1776 
Sprue 0-409 2-275 0-1798 
Pneumonia and chronic nephritis 0-600 6-80 0-1765 
Addison’s disease 0-620 7-12 3-560 0-1742 
Haematemesis 0-614 6-87 3-435 0-1787 
Myxoedema 0-584 6-71 0-1741 
Lung abscess and chronic nephritis 0-588 6-75 0-1743 
Sprue 0-470 5-25 2-625 0-1790 
Acute intestinal obstruction 0-619 7-04 3-520 0-1759 
Rheumatoid arthritis 0-623 7-19 3-595 0-1733 
Lung abscess and chronic nephritis 0-635 7-21 3-605 0-1762 
Uraemia 0-574 6-41 3-205 0-1791 
Hypertension 0-492 5-64 2-820 0-1744 
General paralysis the insane 0-527 6-09 3-045 0-1731 
Lung abscess and chronic nephritis 0-593 6-78 3-390 0-1750 
Normal 0-590 6-85 3-425 0-1724 
Normal 0-614 7-20 3-600 0-1705 
Normal 0-630 7-24 3-620 0-1740 
Normai 0-580 6-64 3-320 0-1747 
Av. 0-1755 


Standard deviation coefficient variation 0-9; maximum deviation from average 2-9%. 


Table Colours produced the Sakaguchi reaction with plasma ‘albumin’ and ‘globulin’ 


Albumin’/ 
‘globulin’ 
Specimen Diagnosis ratio 
Ptosis 1-67 
General paralysis the 1-73 
insane 
Ulcerative colitis 0-57 
Hodgkin’s disease (?) 1-02 
Key Normal 1-43 
Rheumatoid arthritis 1-00 
Normal 1-42 
Normal 1-47 
Normal 0-95 
Kem Hypertension 1-36 
Uraemia and alkalosis 1-15 
Normal 1-98 
Av. 


Coefficient variation 
Max. deviation from average (%) 


Specific extinction coefficients 


Total 

0-1580 0-1868 0-1688 
0-1658 0-1830 0-1720 0-1731 
0-1612 0-1756 
0-1584 0-1830 0-1706 
0-1868 0-1744 0-1724 
0-1668 0-1846 0-1758 
0-1624 0-1838 0-1713 0-1705 
0-1771 0-1744 0-1760 0-1740 
0-1726 0-1736 0-1732 0-1747 
0-1710 0-1860 0-1772 
0-1550 0-1808 0-1670 
0-1840 
0-1826 0-1729 0-1727 
0-0067 0-0030 0-0033 0-0017 
4-1 1-6 1-9 1-0 
1-0 
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coefficient about 8%, whether 0-15 


/ 
was used, blank test containing being carried out 
the same time. 

each determination, ml. the NaOH solutions 
total protein, ‘albumin’ and ‘globulin’ was taken for the 
colour test, and ml. for the micro-Kjeldahl. 

The result was recorded specific extinction coefficient, 
i.e. the extinction coefficient corresponding mg. pro- 
tein 6-25) the ml. test solution, cm. cell: 


reading with cm. cell 


The specific extinction coefficient thus measure 
the ratio the apparent arginine content the total 
nitrogen. 


RESULTS 


Table shows the results obtained for total proteins 
specimens from cases, including normals. 
Table shows the results obtained for ‘albumin’ 
and ‘globulin’. will seen that the specific 
extinction coefficients all but two cases were 
different for ‘albumin’ and ‘globulin’, and also that 
the coefficient for total proteins appears the 
resultant those for ‘albumin’ and ‘globulin’. (The 
two cases having the same coefficient for ‘albumin’ 
for ‘globulin’ were both Indians: one had always 
been vegetarian diet, and the other had been 
such diet until year previously, though 
whether this any significance not known.) 


DISCUSSION 


These results not confirm those Albanese and 
his co-workers, who found that the same factor for 
the conversion arginine total protein, namely 
19-2, was applicable ‘albumin’ and ‘globulin’ 
well. This factor based figures for the arginine 
content body proteins given Block Bolling 
(1945) but fact the figures given those authors 
not appear justify the adoption this factor 
for albumin and globulin. 

The results given above, the other hand, appear 
more keeping with the figures Brand and 
his colleagues, according which the arginine con- 
tent the ‘globulin’ fractions, from that 
the electrophoretic «-, and y-globulin com- 
ponents plasma and their relative proportions, 
higher than that ‘albumin’. one case, the 
specific extinction coefficient for fibrin measured 
the present author gave value 0-2220. This also 
agreement with Brand’s figures, which show 
considerably higher arginine content for fibrin than 
for the other protein fractions. 

must emphasized that the specific extinction 
coefficient, defined above, depends not only the 
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‘arginine’ but also the nitrogen content the 
protein, which, according Cook (1946), some- 
what lower for ‘globulin’ than for ‘albumin’. 
assumed that the arginine content serum 
albumin the same that globulin, then the 
specific extinction coefficients for these fractions 
would expected inverse ratio their 
relative nitrogen contents, i.e. 


The ratio (‘globulin’/‘albumin’) the average 
specific extinction coefficients found 
1-105. The ratio the arginine con- 
tent (electrophoretic) globulin and albumin ac- 
cording Brand’s figures 1-06. 

These results appear suggest that the colour 
intensity developed under the conditions employed 
proportional arginine content even un- 
hydrolyzed proteins; but deemed advisable 
refer ‘apparent arginine’ content the matter 
cannot regarded settled. view Brand’s 
figures, and those reported here, the claims for 
identical arginine nitrogen ratio for albumin and 
globulin cannot accepted. 

view the well-marked effect sodium sul- 
phate colour development, and the possibility 
other substances also interfering, evident that 
this reaction should not applied uncritically the 
determination arginine biological fluids. 


SUMMARY 


The technique Albanese Frankston (1945) 
for the determination plasma proteins 
modified Sakaguchi reaction gave proportionality 
colour over the normal range values only when 
the hypochlorite concentration was increased 
0-15N. 

‘specific extinction coefficient’ (measure 
ratio apparent arginine total has been 
measured for total plasma proteins specimens 
from cases. 

separated ‘albumin’ and ‘globulin’ were separately 
examined, the specific extinction coefficient for 
‘globulin’ was, the average, higher than that 
for ‘albumin’. 

Both with 0-06N and with 0-15N sodium hypo- 
chlorite, the presence sodium sulphate led 
large increase the amount colour developed. 


wish thank Prof. King, whose suggestion this 
work was done, for his constant help and advice; 
Wootton for help with the statistical calculations; and the 
volunteers who contributed blood. 
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Amino-acid Metabolism Tissue Cells vitro 


FISCHER, Biological Institute the Carlsberg Foundation, Copenhagen 


(Received March 1948) 


Ever since the negative results the investigations 
Burrows Neymann (1917), Carrel Ebeling 
(1924) and Baker Carrel (1926, 1928) the amino- 
acids have been regarded being able neither 
prolong the life cells nor accelerate cell growth 
tissue cultures. However, these investigations 
normal culture media were used and such media 
already contain the necessary amino-acids. This 
point was realized the present author, and 
technique was devised (Fischer, 1941) whereby the 
compounds the culture medium were dialyzed 
against Ringer’s solution containing glucose. 
was found that the dialyzed culture medium was 
completely unable maintain the life the cells— 
they died and disintegrated within hr. With this 
dialyzed medium basis became possible 
make analysis the effect substances 
low molecular weight the maintenance cells 
grown vitro. 

study was then made the effect amino- 
acid mixture composed nine amino-acids the 
same relative proportions found Bergmann 
Niemann (1936) fibrin (Table 1). was found 
that cystine plays very important part. Without 
cystine, the remaining amino-acids are longer 
able save the cells from rapid disintegration 
within hr. was also observed that the 


cultures myoblasts and osteoblasts cystine cannot 
replaced methionine, though methionine 
essential acid for the organism whole whilst 
cystine not. Moreover, both lysine and glutamic 
acid were found great importance the 
cells. Obviously, the amino-acids required the 
whole organism are not the same those necessary 


pure culture tissue cells. For example, 
glutamic acid essential myoblasts, but not the 
has since been improved, and the present paper 
presents some the results obtained. 


EXPERIMENTAL 


The tissue cells the present experiments belonged 
pure strain myoblasts from 9-day-old chicken 
embryo. The individual cultures were divided into two 
halves, one serving control the medium described 
below, the other the experimental culture, the same 
medium, but with the substance under investigation. 
intervals during growth, drawings the tissue cultures 
were made means Edinger projector which magni- 
fied twenty times. The area each drawing was measured 
means planimeter and the results are given 
Figs. 1-14, expressed ratios according the formula 
where A=initial area and B=growth area 
(Fischer, 1925). 

The medium consisted 0-5ml. dialyzed chicken 
plasma, ml. Tyrode’s solution and 0-1 ml. the mixture 
called the basic nutrient (Table 1). Coagulation was pro- 
duced adding drop dialyzed embryo juice. When 
coagulated, liquid phase was introduced adding 0-5 ml. 
dialyzed serum and 0-1 ml. the basic nutrient. Carrel 
flasks type D-3 were used. The the mixture was 
adjusted introducing into the flask gas composed 
CO,, 12% and 80% The flasks were sealed with 
sterile rubber stoppers. 

The basic nutrient mentioned (Table was designed 
empirically important the whole organism. 
contains three main groups substances; the first group 
consists salts including salts heavy metals and organic 
phosphates which can function phosphorylating agents, 


n- 
C- 
l- 
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Table Basic nutrient biologically active 
substances tested tissue cultures 


(Mg. substances contained solution.) 


NaCl 
KCl 
CaCl, 
Na,HPO, 
NaHCO, 
FeCl, 
CuCl, 
MnCl, 
ZnCl, 


Glucose 
Mannose 
Galactose 
Tnositol 


Adenosine triphosphate 
Fructosediphosphate 
acid 

Cozymase 

Aneurin 

Riboflavine 

Pyridoxin 

Lysine dihydrochloride 
Arginine monohydrochloride 
Tryptophan 

Methionine 

Histidine monohydrochloride 
Glutamic acid 

Aspartic acid 

Proline 

Cystine 

Choline (as hydrochloride) 
Creatine 

Nicotinic acid 
Glutathione 

Pantothenic acid 

Biotin 

p-Aminobenzoic acid 
Hypoxanthine 

Sodium succinate 

fumarate 

Sodium malate 

Sodium oxaloacetate 


Ascorbic acid 


sulphate 


7500 
200 
200 
100 

1000 

0-6 
0-2 
0-3 
0-01 
800 


OU OTHE OL Or Sowa 
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another group comprises the amino-acids, substances acting 
methyl donors providing groups, and finally 
third group containing the various vitamins, choline, 
creatine and the acids (functioning the Krebs cycle). 
This basic nutrient designed that easy eliminate 
any part and replace another. 


RESULTS 


Importance amino-acids group 


The first and fundamental experiment involved the 
question the general importance the amino- 
acids connexion with the maintenance and growth 
tissue cells. was found, one would expect, 
that amino-acids are present the basic 
nutrient the cells die and disintegrate rapidly 
(Table 2). sure, there very slight growth 
the first day, but that due residual amounts 
amino-acids the tissue itself the time 
transfer the dialyzed, incomplete medium. The 
importance the individual amino-acids could now, 
mentioned above, studied omitting the 
amino-acid question from the mixture. 


Deficiencies single amino-acids 


Cystine. The absence cystine and methionine 
animal nutrition leads death comparatively 
short time but, since the myoblasts are unable 
utilize methionine place cystine, the with- 
drawal this amino-acid from our medium has 
effect the growth the cells. Cystine forms 
structural constituent the proteins the cell. 
Fig. and Table show that the control culture 
the medium containing the whole the basic diet 
grows normally, whereas the experimental culture, 
with cystine the medium, does not grow all. 
This confirms our earlier findings (Fischer, 1941) 
the basic significance cystine. was also 
found that methionine, the absence cystine, 
insufficient (Fig. 1). When cystine was added the 
deficient medium, the cells not only survived, but 
showed small but definite increase mass, and 
the cells had normal appearance. 

Cystine can, however, replaced glutathione 
(Fig. 2). believed that addition being 


Table Comparison growth myoblasts the basic nutrient with and without amino-acids 


Exp. no. 
18213-14 
18215-16 
18217-18 
18257-58 
18259-60 
17967-68 


Days 


Superficial growth 
medium with amino- 
acids (mm.?) 


855 
1267 
1076 
1096 
1116 


1051 
1005 


Ratio area 
growth with and 
without amino-acids 


Superficial growth 
medium without 
amino-acids 


9-9 
154 8-2 
11-3 
191 
190 
212 4-7 
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importance building stone for the cytoplasm, 
cystine also activator for various proteolytic 
enzymes which enable the cells split the plasma 


Growth area— Initial area 


Days 


Fig. Effect cystine deficiency growth myoblasts. 
The circles indicate the growth the control medium, 
the black dots the growth when cystine omitted. 


Growth area— Initial area 
Initial area 


Days 


Fig. The effect the replacement cystine gluta- 
thione. The black dots indicate the growth the control 
medium, the circles the growth when cystine replaced 
glutathione. 


proteins the surrounding medium. The break 
the curve Fig. may explained being due 
liberation split products from the plasma 
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proteins the medium, possibly the fact that 
glutamine, together with cystine and glycine, may 
enable the cells produce other amino-acids for 
their maintenance. 


Growth area— Initial area 
Initial area 


Days 


Fig. Effect medium containing only cystine, glycine 
and glutamine. The circles indicate the growth the 
control medium, the black dots the growth when the 
amino-acids comprise only cystine, glycine and glut- 
amine. 


Glutamic acid known very important and 
associated with the transamination process. 
According Rose (1937) this amino-acid has 
effect the growth rate young rats. The growth 
myoblasts nutrient without glutamic acid 
was slightly retarded comparison with that shown 
with the basic diet (Figs. 9). glutamic acid was 
replaced glutamine (0-5 mg./flask) the rate 
growth increased enormously (Fig. 5). the same 
time, the morphological appearance the cells 
underwent change and became perfectly normal, 
and gradually the fat vacuoles disappeared. Without 
glutamine the cells were extremely atrophic, having 
the appearance small glass splinters. The process 
reversible, i.e. cells which already are highly 
atrophic change into perfectly normal cells when 
glutamine added the medium. 

Lysine. The absence lysine from the amino-acid 
mixture had only slight effect none all the 
growth myoblasts (Fig. 6); lysine thus resembles 
glutamic acid (Fig. 4). This may connected with 
the that lysine cannot regenerated 
amination once deaminated (cf. Weissman 
Schoenheimer, 1941). Osteoblasts seem 
more sensitive lysine deficiency (Fig. 7). 


Table Growth fibroblasts the basic nutrient with and without cystine 


Exp. no. Days 
18271-72 


Superficial growth Superficial growth 
with cystine without cystine 


(mm.?) 
614 
805 
700 
571 


12 
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Days 


Fig. Effect deficiency glutamic acid the growth 
myoblasts (Exp. The circles indicate the 
growth the control medium, the black dots the growth 
when glutamic acid omitted. 


Days 
Fig. Effect lysine deficiency the growth osteo- 
blasts (Exp. The circles indicate the growth 
the medium containing all the amino-acids the basic 
diet, the black dots the growth the medium when 
lysine omitted. 
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Days 


Fig. Effect the combined deficiency lysine and 
glutamic acid the growth myoblasts (Exp. 18479- 
80). The circles indicate the growth the control 


medium, the black dots the growth when both lysine 


Days 
Fig. Comparison the effect glutamine and glutamic 
acid (Exp. 18291-92). The black dots indicate the growth 
the control medium, the circles the growth when 
glutamic acid replaced glutamine. 


and glutamic acid are omitted. 


‘ 
‘ 

] 

| 


Days Days 


Fig. Effect lysine deficiency the growth myo- Fig. Effect glutamic acid deficiency growth 
blasts (Exp. The circles indicate the growth myoblasts (Exp. 18263-64). The circles indicate the 
the control medium, the black dots the growth when growth the control medium, the black dots the growth 
lysine omitted. There practically difference. when glutamic acid omitted. 
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medium lacking both lysine and glutamic acid 
has growth-depressing effect (Fig. 8), which more 
marked than only one these amino-acids 
lacking (Figs. and 9). The morphological appear- 
ance the cells was perfectly normal the control, 
whereas the lysine-deficient medium the cells were 
atrophic and the above-mentioned glass splinter 
type. 

Tryptophan. According Osborne Mendel 
deaminated vitro under aerobic conditions 
slices kidney (Krebs, 1933). Fig. shows the 


Growth area —Initial area 
Initial area 


Days 


Fig. 10. Effect deficiency tryptophan growth 
myoblasts (Exp. 18379-80). The circles indicate the 
growth the control medium, the black dots the growth 
when tryptophan omitted. 


effect nutrient deficient tryptophan (Exp. 
The response the cells was plain the 
control medium the cells were perfectly normal, 
while they showed atrophy the deficient medium. 
Morphological differences between the cells the 
two diets became manifest from the time the cells 
began migrate out into the medium. 

Arginine claimed dispensable amino-acid 
far the animal organism concerned (Scull 
Rose, 1930). According Klose, Stokstad 
Almquist (1938) the young chick seems lack any 
ability synthesize arginine. Since the absence 
arginine causes inhibition the growth myo- 
blasts, this amino-acid must indispensable 
these particular cells which cannot, like the 
lian organism, synthesize arginine (Moss Schoen- 
heimer, 1940). Fig. shows the pronounced effect 
arginine deficiency. The cells the arginine- 
free medium contained, curiously enough, less fat 
vacuoles than did the control cultures. 

Histidine-proline. Rose Cox (1924, 1926) have 
shown that histidine indispensable the growth 
Removal proline from the diet claimed 
have effect the growth young rats. 
Histidine-proline deficiency the basic nutrient led 
marked depression the growth our experi- 
mental cultures (Fig. 12). The cells these cultures 
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were thin and atrophic, containing numerous fat 
vacuoles, whereas the cells the control cultures, 
with all the amino-acids the medium, were per- 
fectly normal. 


Growth area—Initial area 
Initial area 


Days 


Fig. 11. Effect arginine deficiency growth myo- 
blasts (Exp. 18437-38). The circles indicate the growth 
the control medium, the black dots the growth when 
arginine omitted. 


Growth area—Initial area 
Initial area 


Days 
Fig. 12. Effect combined deficiency histidine and 


proline growth myoblasts (Exp. 18555-56). The 
circles indicate the growth the control medium, the 
black dots the growth when histidine and proline are 


omitted. 


The effect media containing only few amino-acids 


Medium containing only cystine, histidine, proline 
and aspartic acid. The growth myoblasts 
medium, the amino-acids which include only these 
amino-acids, was, one would expect, very de- 
fective. There was practically growth, the cells 


496 


were full fat vacuoles, and disintegrated very 
rapidly. 

Medium containing only cystine, glutamine and 
glycine. medium containing only these amino- 
acids and all the other components the basic diet 
showed remarkable effect. The concentration 
each the components was the same the 
basic nutrient and 0-5 mg. glutamine was used 
each flask. The cells looked perfectly normal, and 
difference could observed between the cells 
this experimental medium and the cells the con- 
trol. Cystine alone was not capable keeping the 
cells alive for any length time (Exp. 
thought that the cells might able build other 
amino-acids transamination the three amino- 
acids mentioned. 


Amino-acids and digests proteins 


Complete chemical analysis several proteins has 
recently been undertaken Brand (1946). These 
data make possible carry out comparative 
investigation the effect tissue cells of, the 
one hand, amino-acid mixture approximating the 
composition lactoglobulin and crystalline bovine 
serum albumin and, the other, peptic and tryptic 
digest the same proteins. For the preparations 
lactoglobulin and pure trypsin are indebted 
Prof. Linderstrom-Lang. Armour’s crystalline pep- 
sin was used. 

The crystalline enzymes were first dialyzed for hr. The 
proteins digested were diluted with water 1:3 and 
toluene was added prevent bacterial growth. The di- 
gestion was followed heating for min. the water 
bath 100°, cooling, filtration, evaporation vacuo 
remove the toluene. was adjusted means NaOH 
HCl, depending the enzymes used. The solutions were 
sterilized filtration. 


area 


Growth area —Initial area 


Days 


Fig. 13. Effect digest lactoglobulin and artificial 
amino-acid mixture resembling this protein (Exp. 
34). The black dots indicate the growth the amino- 
acid medium, the circles the growth when the medium 
contains the enzymic digest lactoglobulin. 
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and show the complementary effects 
the deficient plasma medium mixture 


Growth area— Initial area 
Initial area 


Days 


Fig. 14. Effect digest bovine serum albumin and 
amino-acid mixture resembling this protein (Exp. 
18455-56). The black dots indicate the growth the 
amino-acid medium, the circles the growth when the 
medium contains the bovine serum albumin digest. 


Table Amino-acid composition lactoglobulin 
and bovine serum albumin 
Bovine serum 


Lactoglobulin albumin 

Amino-acids (mg. ml.) (mg. ml.) 
Glycine 1-4 1-9 
Alanine 6-2 
Valine 5-83 
Leucine 15-6 13-7 
Isoleucine 8-4 2-9 
Proline 4-1 5-7 
Phenylalanine 3-54 6-2 
Cysteine 1-11 
Cystine 2-29 5-41 
Methionine 0-81 
Tryptophan 1-94 0-58 
Arginine 2-88 6-2 
Histidine 1-58 
Lysine 11-4 12-4 
Aspartic acid 11-4 10-6 
Glutamic acid 19-5 16-9 
Glutamine 1-05 
Serine 5-0 
Threonine 5-85 6-5 
Tyrosine 3-78 5-49 


the amino-acids approximating their relative 
proportions the composition the proteins, 
lactoglobulin and bovine serum albumin (Table 4). 


ects 
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The effects were pronounced. While the proteins 
the form amino-acids produce excellent com- 
plementary effect the deficient plasma medium, 
the digests cause besides enormously increased 
rate growth, phenomenon known already from 
the work Baker Carrel (1928) when using pro- 
teoses from Witte’s peptone. 

For the same nitrogen content there remark- 
able difference the effects the amino-acids and 
the digests the lactoglobulin. While the growth 
curve tissue cells medium containing the 
amino-acids slowly approaches maximum, the 
growth the cells the medium containing 
the digests proceeds almost logarithmically from 
the very beginning and reaches high values (Figs. 
13, 14). other words, the cells respond quite 
differently amino-acids and polypeptide- 
amino-acid mixtures. 


DISCUSSION 


Comparative experiments the importance 
amino-acids the nutrition pure strains tissue 
cells vitro demonstrate the significance the 
individual amino-acids far growth and main- 
tenance are concerned. Cystine occupies key 
position and was found the only amino-acid, 
the absence which leads complete inhibition 
growth even the presence all the other amino- 
acids, fact which was already recognized the 
author several years ago (1941) when employed 
nutrient composed amino-acids only. Since 
then have developed complete basic nutrient 
containing all the substances necessary for satisfac- 
tory growth. Here again has been confirmed that 
cannot replaced methionine, myo- 
blasts are found thisamino- 
acid under the experimental conditions employed. 

concluded that those amino-acids, which 
when withdrawn from the mixture cause depression 
cell growth, are normally metabolized the 
cells question and may therefore regarded 
indispensable these types cells. 

The experiments also show that nutritive 
evaluation the individual amino-acids the 
their effect strains tissue cells very rapid 
comparison with other methods involving whole 
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animals. For the investigation the protein meta- 
bolism cell types, the tissue-culture method the 
only one that can used. evident also that the 
amino-acid requirement various types tissue 
cells may not the same, shown com- 
parison the response myoblasts and osteoblasts 
lysine deficiency (Figs. 6,7). Perhaps may soon 
position map the amino-acid diet necessary 
for the maintenance other types tissue cells. 
approximate rating the amino-acids ac- 
cording the degree which they are essential 
the cells the cultures the present experiments 
follows: cystine (most essential), arginine, 
tryptophan, glutamine and lysine. 


SUMMARY 


basic nutrient, however elaborate, involving 
compounds found empirically importance 
the animal organism inadequate for the main- 
tenance and growth tissue cells does not 
contain the necessary amino-acids. 

technique has been developed making 
possible evaluate accurately the importance 
each the amino-acids necessary the life the 
cells. 

the elimination amino-acid from the 
diet causes the inhibition cell growth, com- 
parison with the growth the control culture, this 
amino-acid must be, when present, metabolized 
the cells and must regarded indispensable. 

The degree which amino-acid essential 
can determined accurately measuring the ratio 
between the growth the controls the medium 
containing all the amino-acids and the growth the 
experimental cultures where the medium de- 
ficient this particular acid. The present experi- 
ments involved cystine, methionine, lysine, glutamic 
acid, aspartic. acid, tryptophan, arginine, gluta- 
thione, histidine and proline. 

Theeffect the amino-acids constituting lacto- 
globulin and crystalline bovine serum albumin 
compared with that enzymic digests these 
proteins. The differences are very marked and 
characteristic. 

This work was aided grant from the King Christian 
Foundation. 
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earlier report from these laboratories described 
the metabolism carbon and nitrogen compounds 
Penicillium notatum surface culture (Hocken- 
hull, 1946), and some references were made the 
utilization sulphur this organism. Further 
work the latter aspect seemed desirable, especially 
the purpose the present communication 
describe these investigations. 
Previous work the sulphur metabolism 
moulds limited and mainly concerned with 
Aspergillus niger. Rippel Behr (1936) showed that 
this fungus, when supplied with sulphates, liberated 
considerable quantities organic sulphur com- 
pounds into the medium. (1938) showed that 
when cystine, cysteine thioglucose was supplied 
sulphates appeared the medium. also 
showed that the reduction sulphate organic 
sulphur was greater presence ammonia than 
presence nitrate. Steinberg (1941) showed that 
many inorganic sulphur sources were available for 
the growth niger (e.g. sulphate, thiosulphate, 
etc.) and concluded that the mould removed sulphur 
from organic compounds via acids. 
Woolley Peterson (1937) demonstrated the ac- 
cumulation choline sulphate 
ethyltrimethylammonium betaine), 


Penicillium notatum known utilize cysteine, 
cystine sulphate produce optimal yields 
penicillin. our experiments have examined the 
growth this organism wide range sulphur 
sources. The growth two X-ray mutants, which 
are unable grow sulphate, was also examined. 
was hoped that study these organisms would 
throw light the metabolic stages used the 
organism the formation organic sulphur com- 
pounds. Analytical studies were also made the 
utilization sulphur the mould, and experiments 
similar those described Rippel Behr (1936) 
and (1938) were also carried out with 


notatum order determine whether their 
behaviours were the same different. 


EXPERIMENTAL 
Cultural methods and materials 


Strains the mould. Five strains were used our experi- 
ments: (1) 1249.B21, which was received from the Northern 
Regional Research Laboratory, Peoria, Illinois; has been 
used for the commercial production penicillin and the 
culture used has been labelled M2; (2) F4, 
received from Sir Howard Florey; was used one time 
for the production penicillin; (3) 832, received from 
Peoria, and used for early work submerged culture; 
(4) W-3 cyst, X-ray mutant Sir Alexander Fleming’s 
strain, which, although white and powdery, also produces 
yellow pigment freely most media; (5) X-ray 
mutant strain 832 morphologically similar its parent 
strain, which tends revert occasionally. The last two 
strains were received from Pontecorvo Glasgow 
University whom our thanks are due. They both grow 
freely media containing cystine but, unlike the others, 
not grow media containing sulphate sole source 
sulphur. 

Growth conditions. All experiments with liquid media 
were carried out using 250 ml. conical flasks, with 100 ml. 
medium each. The medium was steam sterilized for 

The inoculum was spore suspension containing 
spores/ml., based direct counts with haemocytometer 
cell. was prepared washing off spores from cultures 
glycerol-molasses-peptone (cf. Moyer Coghill, 1946) with 
sterile water. this suspension was pipetted into 
each culture vessel. All cultures were incubated, stationary, 

Media. The media most commonly used were synthetic 
and were based ‘standard basal’ medium (hereafter re- 
ferred medium) which had the following composi- 
tion (as w/v): lactose (B.P.), glucose (B.P.), citric 
acid (B.P.), 1-5; acetic acid, 0-25 (v/v); phenylacetic acid (re- 
crystallized), 0-05; source (as text) source (as text); 
ZnCl, (fused), 0-002; 0-002; 
0-002; 0-1; NaF, 0-001. 

The medium was made tap water and was adjusted 
5-8-6-0 with 56% (w/v) KOH before sterilization. 
was modified quantitatively qualitatively varying 
either the source the source, both. Unless 


Vol. 


otherwise stated, all ingredients were A.R. quality. Other 
media employed are described the text. 

agar’ was similarly constituted except for the in- 
corporation 2-5% powdered agar. 


Analytical procedure 


Sampling. Five replicate flasks were removed the 
appropriate times. Sterile samples were withdrawn and 
diluted twenty times with 6-5 phosphate buffer 
for penicillin assay. The mycelium was separated filtra- 
tion, and washed with five separate lots 100 ml. distilled 
water. The and volume first filtrate were measured. 
The washings, which were found adequate for complete 
removal soluble matter and medium from the felt, were 
added, together with ml. conc. HCl, and the whole 
made less allowance for the medium used for 
penicillin assay. The solution was stored 0°. experi- 
ments with cystine and cysteine the filter paper was 
separated from the mycelial mat and was analyzed for pre- 
cipitated compounds. 

The mycelium was dried constant weight 80°, 
weighed, powdered and stored for analysis. The composition 
was found the same the undried mycelium was 
homogenized with vol. distilled water, thus indicating 

Total was estimated the method. 

Total was determined the method Luke (1943) 
but using different mechanical procedure. Wet com- 
bustions sample containing 3-5 mg. were carried 
out silica crucible with HNO,-Br, solution containing 
dissolved ZnO: the subsequent reduction and distillation 
H,S was performed ml. flask fitted spiral 
condenser. stream was passed through the apparatus 
and the H,S was trapped spiral bubbler containing 
ml. the alkaline CdCl, reagent. After all the H,S had 
been absorbed ml. solution containing 
ml. were added the bubbler and quickly 
mixed. The H,S was estimated back titration with 

alternative procedure used for checking purposes was 
the combustion the same quantity material using 
Benedict’s reagent (Cole, 1933), followed estimation 
sulphate with benzidene. This method was found less 
accurate than the other. 

Sulphate. Solutions containing 3-4 mg. sulphate 
were adjusted with HCl NaOH until slightly acid 
congo red paper. The sulphate was precipitated benzidine 
sulphate (Cole, 1933). The precipitate was collected 
mm. Gooch crucible containing asbestos wool. alter- 
native but more tedious method was precipitation with 
acid solution, followed reduction the BaSO, 

sulphate’ the mycelium was estimated 
hydrolyzing about 300 mg. dried mycelium 
steam pressure for hr. with The liquor was 
made and filtered. were taken for 
estimation sulphate the BaCl, method. 

Cystine. This was estimated the procedure Shino- 
hara (1935). was found that during medium preparation 
all cysteine was converted cystine oxidized further. 
Both cysteine and cystine media were therefore estimated 
the cystine method. 
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Penicillin. Penicillin was estimated the plate assay 
methods current use these laboratories using Bacillus 
subtilis the test organism (cf. Foster Woodruff, 1944), 
and expressed Oxford units. 


RESULTS 


Three groups experimenis were carried out. 
the first various strains, including the irradiated 
strains, were inoculated media containing 
variety sulphur sources, and growth was observed 
each case. The availability different forms 
combined sulphur was determined this way. 
Mixtures the two irradiated strains were also 
inoculated sulphate media. the second group 
synthetic media which yield penicillin were meta- 
bolized strain 1249.B21 and the utilization 
sulphur examined intervals. the third, some 
the experiments carried out earlier workers 
with Aspergillus niger were repeated using Peni- 
cillium notatum strain 1249.B 21. 


(1) Availability different sulphur sources normal 
and irradiated strains Penicillium notatum 


Different sulphur sources 


The five strains the mould were grown 
medium which were added 0-5 NH,NO, and 
one large number sulphur compounds. 
the sulphur compound was added. 
Three replicate flasks were used. The sulphur com- 
pound was dissolved water and sterilized 
autoclaving (or Seitz filtration the case 
and and added the sterile medium. 
Growth shown dry mycelial weight expressed 
percentage the dry weight obtained using 
medium containing The results this 
experiment are shown Table growth was 
obtained unless sulphur source was added the 
basal medium. 


Growth mixed cultures the irradiated strains 


(a) Liquid media. Media containing sulphur 
thiosulphate, hyposulphite, ‘cyclic’ 
choline sulphate and acetone sodium bisulphite were 
inoculated with spore suspensions containing spores 
the W-3 cyst and strains mixture 
the two. There was evidence symbiosis between 
the two strains which grow satisfactorily only the 
media containing hyposulphite and thiosulphate. 
The irradiated strains were also inoculated into 
Seitz-filtered medium containing sulphate, 
which strain had been growing for days. 
There was growth, showing that sufficient 
utilizable sulphur compounds had not been liberated 
into the medium strain 1249.B21. 
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Table Effect different sulphur sources the growth various strains Penicillium notatum 


(Medium: source NH,NO,.) 


100 100 
100 105 
100 
120 114 
100 
109 
100 100 
HCl 100 105 
Taurine 100 108 
2-Mercaptoethylamine 
Thioacetamide 135 
Thiourea 
choline sulphate 125 100 
Acetone sodium bisulphite 100 
Ethyl xanthate 123 
KCNS 115 
Dry weight felt grown with 0-65 

L-cystine (g./100 ml. medium) 


W-3 cyst 


832 


1-22 0-91 


mycelial dry weight 100 
mycelial dry weight with 


(units/ml.). 


agar medium and portions were placed 
Petri dishes. Strains W-3 cyst and were inocu- 
lated this medium either separately together. 

From the mixed cultures new type quickly 
growing colony developed which could readily 
subcultured thesame medium. When single spores 
from this culture were transferred medium 
containing cystine, the two parental strains were 
obtained. When hyphal tips were transferred 
malt-wort-agar, colonies were obtained which sec- 
tored, and from the sectors the parental strains 
were again recovered. There was thus the appear- 
ance asymbiosis interesting type, but further 
work necessary before more extensive discussion 
possible. 


(2) Metabolism sulphate synthetic media 
which penicillin produced 

Reduction sulphate medium 

(a) medium containing 0-5% and 
NaNO, was inoculated with strain and 
incubated. Analyses showed that only very small 
fraction the sulphate was utilized. The results 
this experiment, which show the utilization sul- 
phate well other compounds, are shown 
Fig. 

The above experiment was repeated, but 
order increase the proportion which 


would utilized the initial sulphur content the 
medium was decreased small 
quantity Na,SO, supplied the sulphur and 
NH,NO, the nitrogen. 


The results the experiment are shown Fig. 


About 0-12 mg./ml. sulphate was reduced, 
which 0-09 mg./ml. appeared the mycelium and 
0-004 mg./ml. penicillin. cystine cysteine 
could detected the liquor. 


Influence nitrate and ammonia sulphate re- 
duction 


medium was used this experiment with the 
addition 0-35 mg./ml. sulphur, sulphate. 
Three different nitrogen sources were used (A) 
(B) NH, plus and 
(C) 0-08 plus NaNO,. Although set (A) 
produced more mycelium measured dry 
weight, contained only the same quantity 
mycelial total sulphur did the others. Maximal 
penicillin yields were: (A), units/ml. (day 8); 
(B), units/ml. (day 6); (C), 100 units/ml. (day 16). 
Set gave units/ml. day 


Media containing cystine with different additional 
sulphur and nitrogen sources 


(a) Three different media were made using 
medium containing NH,NO,. this 
were added (D) 0-4% cysteine hydrochloride; 
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Felt dry wt. 
0-1 O 0-1 
Days 


Days 


Fig. Sulphate metabolism Penicillium notatum relation that other medium components. Left-hand graph: 
liquor total (mg./ml.); liquor SO,-S (mg./ml.); penicillin (units/10 acetic acid (mg./ml.); 
ammonia (mg./ml.). Right-hand graph: mycelial (mg./ml.); mycelial (mg./10 ml.); mycelial 
dry weight (mg./100 (units +10). 
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Sulphur metabolism Penicillium notatum. Medium: liquor total (mg./ml.); 
liquor SO,-S (mg./ml.); penicillin (units/ml.); mycelial total pH. 


The utilization cystine and sulphate Penicillium notatum showing the conversion part the cystine 
supplied into sulphate. Basal medium: NH,NO,. Sulphur source: cystine (left-hand 
figure), 0-2% Na,SO, (centre figure) 0-4% Na,SO, only (right-hand figure). liquor total 


(mg./ml.); liquor SO,-S (mg./ml.); cystine (mg./ml.); mycelial (mg./ml.); mycelial dry weight 
(mg./100 
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0-4% 

After autoclaving the medium all the cysteine was 
found have been converted cystine and was 
estimated such. would expected set 
behaved the previous experiment. 

both and cystine fell steadily throughout. 
Total sulphur disappeared from the liquor until 
day but subsequently rose again (Fig. 3). The 
conversion organic sulphur sulphate was first 
apparent day both sets and About 
the total sulphur set appeared sul- 
phate. About cystine set appeared 
sulphate. About the total sulphur was 
detected ‘bound’ (acid-hydrolyzable) sulphate 
the mycelium. 

Penicillin yields were high all three sets and peak 
titres (12 days) were 102, 117 and units/ml. 
respectively. 

second experiment was carried out using 
L-cystine (c. sulphur source together with 
(G) 0-25 NaNO, and 0-3 (H) NaNO, 
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but transference was greater with (G) because the 
mycelium was heavier (Fig. 4). sulphate could 
detected the medium either case. Penicillin 
yields were low with both media (maxima and 
units/ml. respectively) possibly because the con- 
centrations ammonia supplied were unsuitable for 
this purpose. 


Utilization sulphur enriched media 


this experiment two media were used which 
gave thicker growth the mould and relatively 
higher yields penicillin than did medium. The 
first these (A) containing lactose and corn-steep 
liquor similar that used previously Hocken- 
hull (1946). This medium contains sulphate. The 
results are similar those obtained before. The 
second medium (B) consisted the medium 
with the addition soluble starch, 0-6% 
amine. The result with this medium shown 
Fig. which shows that 40% the sulphate was 


and NH,NO,. The concentration sulphur 
the mycelium was the same with both media 
ind 
5 Liquor SO,-S 
a 02 


Sulphur (mg./ml.) 


Cystine S 
Mycelial S 
Precipitated 
23 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Days 


0 
01 


Fig. The effect nitrogen source the utilization 
cystine Penicillium notatum. Medium: containing 
+0-25% NH,NO,. Cystine (c. 0-25%) source. 


Mycelial total 


Days 

Fig. Sulphate metabolism special media. Medium 
contained lactose and corn-steep liquor used 
Hockenhull (1946). Medium soluble 
starch, 0-6% NH,NO,, mono- 
series 


reduced soluble sulphur fraction which was not 
identified. Although some sulphur reappeared 
the liquor from the felt, this was not the form 
sulphate. The results this experiment are shown 
Table 


Table Development Penicillium notatum enriched media 


(Media: legend Fig. 5.) 


Mycelial dry weight 


Penicillin (units/ml.) (mg./ml.) Mycelial (mg./ml.) 
Day 107 12-0 0-85 0-88 
107 112 14-6 11-4 0-94 
9-7 8-0 0-55 


Mycelial $O.-S 

0-83 
0-52 


Vol. 


(3) Metabolism sulphur with simpler media 


number media were used which were similar 
to, but not quite identical with, those used 
Rippel Behr (1936) and (1938) for 
work with Aspergillus niger. 


Sucrose medium with ammonia nitrate 


The basal medium contained sucrose, mineral 
salts and Nitrogen sources were 
either NaNO,. The former gave 
much heavier felts than the latter, and corre- 
sponding days gave higher mycelial sulphur and 
sulphate than the other. Changes sulphate and 
total sulphur the medium corresponded with these 
figures, but were only small fraction the total 
sulphur available (Fig. 6). 


0 High ammonia 


OHigh nitrate 


Sulphate S 


Mycelial SO.-S 


Days 


Fig. Sulphate metabolism simpler media. Basal 
medium: sucrose, mineral salts, and 0-5% 
Nitrogen source either 0-3% 
Liquor sulphate (mg./ml.) medium containing 
ammonia, nitrate, Mycelial SO,-S (mg./ml.) 
medium containing ammonia, nitrate, Mycelial 
total (mg./ml.) medium containing ammonia, 
nitrate, 


These results indicate that Penicillium notatum 
behaves quite differently niger 
that there was tendency for organic sulphur com- 
pounds accumulate the medium. 


Sucrose medium with urea and cystine 


medium was prepared containing sucrose, 
urea, mineral salts and 0-2% cysteine, and 
inoculated with Penicillium notatum 1249.B21. 
and including the twenty-third day fermenta- 
tion neither sulphate nor penicillin could detected 
the medium. 
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DISCUSSION 


The results with notatum the availability 
various forms sulphur are almost complete 
agreement with those described Steinberg (1936, 
1941) for Aspergillus niger. Steinberg found that 
sulphate, sulphite, hyposulphite, thiosulphate and 
sulphamate gave maximal growth niger, 
while freshly prepared sulphide disulphide gave 
poor growth. Further work with organic com- 
pounds showed that L-cysteine methionine and 
n-butylsulphinic acids gave 
good growth, while mercaptans and disulphides did 
not. Steinberg also found that sulphate was put out 
action the addition excess barium salt the 
medium, the reduced sulphur compounds 
was affected this way. From these results Stein- 
berg concluded that sulphate not the substance 
through which sulphur incorporated into the 
mould, but that the substance concerned more 
oxidized than the sulphides. Steinberg did not con- 
sider that this compound could H,SO, view 
the stability the S—C link sulphonic acids 
(ignoring ketone-bisulphite-type compounds). 
therefore thought likely that the lower thio acids 
played the intermediate roles the process 
sulphur assimilation. 

The present work, especially with the mutant 
strains, appears bear out this hypothesis, for 
neither these strains gave good growth with sul- 
phate sulphite, whereas hyposulphite and thio- 
sulphate were utilized readily. would therefore 
appear that each the mutants one the links 
the chain reactions involved sulphur meta- 
bolism broken, and that the chain involves the 
reduction sulphate thio acids before conversion 
organic sulphur compounds which are built into 
the mycelium. The nature this symbiosis yet 
not fully understood. the results far obtained 
can confirmed fuller investigation they 
should considerable interest. The number 
steps this process unknown, but would appear 
that the breaks occur different places the two 
mutants for they are able grow symbiotically 
sulphate. Examples the bréaking links 
metabolic chains mutation are provided the 
classical work which has been done with Neurospora 
the formation tryptophan and other com- 
pounds (cf. Beadle, 1945). more particular 
interest the recent work Lampen, Roepke 
Jones (1947), which they report the isolation 
two mutant strains Escherichia coli unable 
utilize sulphate sole source sulphur but able 
grow presence sulphite sulphur source. One 
strain able utilize sulphide only and several strains 
unable use either are also reported. Similar ‘para- 
thiotropic’ mutants Ophiostoma multiannulatum 
have been obtained Fries (1945). The author 
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(Hockenhull, 1948) alsoreports mustard-gas mutants 
Aspergillus nidulans which behave similar 
manner. 

The metabolic experiments show that when sul- 
phur utilized Penicillium notatum simple 
media, nearly all transferred directly the 
mycelium, and that there little tendency for 
the new sulphur compounds accumulate the 
medium. When sulphur was supplied sulphate, 
cystine was rarely formed the medium; with 
cystine, sulphate did not usually appear the 
medium. this the mould differs from Aspergillus 
niger which has been found produce organic sul- 
phur from sulphate and sulphate from cystine. The 
metabolism sulphur niger also influenced 
the nature the nitrogen source, but this effect 
does not seem marked with Penicillium 
notatum. 

With more complex media, such those con- 
taining organic acids, there was some production 
sulphate from cystine the later stages, perhaps due 
autolysis the mycelium, but there was ac- 
cumulation organic sulphur from sulphate. With 
the richest media used, containing corn-steep liquor 
organic acids together with starch and ethylamine 
supplementary sources carbon and nitrogen 
there was marked tendency forsulphur compounds, 
possibly organic, appear the medium. These 
media also gave the highest yields penicillin. 
Evidence that sulphate may arise from autolysis 
the mycelium provided the fact that much 
the total mycelial sulphur was the form 
ethereal sulphate. This finding agreement with 
that Woolley Peterson (1937) who isolated 
choline sulphate from the mycelium 
Aspergillus This sulphate may act 
reservoir sulphur for the organism. The work with 
the mutants also supports the view that sulphate 
not likely intermediate the metabolism 
cystine. These results contrast with those ob- 
tained with niger, and also indicate that the 
composition the medium has considerable in- 
fluence the metabolism sulphur the 
organism. 

Our experiments not throw any particular 
light the mechanism the formation penicillin. 
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This not altogether surprising, since the quantity 
penicillin produced small that the amount 
sulphur involved scarcely measurable. Since, 
however, considerable yields penicillin can 
obtained when other sulphur compounds are not 
accumulating the mycelium seems reasonable 
suppose that penicillin formed the mycelium 
and subsequently split off some enzymic process. 
The presence cysteine, cystine other 
phur compound does not seem limiting factor 
this process. 


SUMMARY 


The growth normal and mutant strains 
Penicillium notatum different sources sulphur 
has been studied, and the metabolism some 
them followed analytically. Normal strains can 
utilize many inorganic substances, such sulphate, 
sulphite, hyposulphite and thiosulphate, well 
other compounds, and high yields penicillin and 
mycelium can obtained with considerable 
variety sulphur sources. 

Two mutant strains which were unable grow 
sulphate, ‘cyclic’ choline sulphate, sodium 
acetone bisulphite, sulphite, sulphamate grow 
well other sulphur compounds such cystine, 
thiosulphate hyposulphite. 

When mixed the two mutant strains could 
grown together medium containing sulphate 
sole source sulphur. Isolates from the mixed 
colonies produced ‘sectored’ colonies malt 
medium, and from the sectors strains similar the 
originals were isolated. 

With the normal strains the utilization sul- 
phur, through the reduction sulphate dis- 
appearance cystine, mainly linked with the 
formation mycelium. Only with certain media 
non-sulphate compounds accumulate the medium. 
Ethereal sulphate was detected the mycelium. 

The metabolic route adopted for sulphur 
notatum appears similar that used 
Aspergillus niger, namely that inorganic sulphur 
compounds are incorporated into the molecule via 
chain reduced thio acids. the other hand, the 
two moulds react differently the presence 
ammonia nitrate the medium. 
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generally agreed that the vitamin found the 
livers herbivorous animals has its origin the 
biologically active carotenoids present the diet, 
for the intake preformed vitamin nil. has 
been widely assumed that the site the conversion 
the active carotenoids into vitamin the liver 
itself, although the results vitro experiments 
designed test this view are equivocal (see, e.g., 
Woolf Moore, 1932). the cow, carotenoids are 
present the systemic blood plasma amounts 
which reflect the carotenoids 
(Mitchell Wise, 1944), and the plasma levels pre- 
sumably represent balance between absorption 
from the intestine and removal the liver, the 
pigments being merely route the liver from the 
gut. other herbivorous animals (sheep, goat, 
rabbit), however, the systemic plasma contains only 
very small traces carotenoids (c. ml.), 
although considerable amounts vitamin are 
found the liver. all these animals the adminis- 
tration vitamin causes increase vitamin 
the systemic bloed but administration carotene 
without apparent effect either the vitamin 
carotene levels. 

This fundamental difference between cattle and 
other herbivora also shown other ways, viz. the 
body and milk fat the former contains carotenoids 
and yellow, whereas that the latter colourless. 
The explanation for this striking difference between 
the cow and the sheep, goat and rabbit, might well 
found considering the possible factors con- 
cerned the mode absorption and transport 
carotene from the intestine, regarding which there 
present only fragmentary experimental evi- 
dence. 

Assuming that these animals carotene* 
brought the liver the portal blood stream and 
converted there into vitamin follows that its 
presence absence from the systemic blood will 
depend the rates intestinal absorption and 
uptake (and conversion) from the portal blood 
the liver. Carotene may present cow plasma 
because the rate absorption relative that 

Throughout this report the term ‘carotene’ indicates 
mixture and f-carotenes, which the 
predominates. 


uptake the liver high, whereas sheep, goats 
and rabbits low and thus carotene passes 
from the liver into the systemic circulation. the 
other hand, carotene transported the lym- 
phatic route the systemic circulation, by- 
passing the liver, its accumulation the systemic 
blood would depend (a) the rate absorption 
from the gut, (b) the rate lymphatic transport 
(conen. rate flow), and (c) the rate uptake 
the liver. 

attempting decide which route concerned 
obvious preliminary ascertain whether caro- 
tene present the portal blood stream after its 
administration large amounts. Two difficulties 
arise planning such experimental approach. 
One that absorption processes general, and 
particularly those concerning fats, are retarded 
anaesthesia and trauma (e.g. opening abdomen) 
several hours duration. Consequently, samples 
body fluids obtained under such conditions 
acute experiment anaesthetized animal are 
much less likely give positive results and the 
duration the experiment must considerably 
shorter than the animal were conscious and un- 
harmed. The other difficulty that, owing the 
large size and complicated nature the ruminant 
stomach, the passage material through takes 
days, that orally administered solutions are likely 
enter the small intestine greatly diluted and 
very slow rate. 

Both difficulties can overcome providing the 
animals beforehand aseptic operation with 
(a) London cannula (London, 1928) the portal 
vein, and fistulae either the abomasum 
duodenum, that serial portal (and systemic) 
samples can withdrawn and solutions introduced 
directly into the intestine without operative inter- 
ference. 

Using these techniques, study has been made 
the carotene and vitamin levels portal and 
systemic venous blood plasma conscious goats and 
sheep after the administration large amounts 
vitamin carotene. Consistent failure detect 
carotene transport these experiments, and the 
results concurrent investigations carried out this 
laboratory (Glover, Goodwin Morton, 1947a, 
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compelled the conclusion that the older 
views the transformation carotene into vitamin 
must abandoned favour the view that the 
conversion takes place the intestinal wall. Further 
experiments unanaesthetized goats provided 
with fistulae the thoracic duct proved this con- 
version occur the conscious animal and showed 
that part, least, the vitamin formed trans- 
ported from the gut via the lymphatic system. 

preliminary report the first part this work 
has already appeared (Goodwin, Dewar Gregory, 
1946). 


EXPERIMENTAL 


Determination vitamin and carotenoids blood plasma 
and lymph. The method for blood plasma, which was found 
applicable lymph, was that normally used this 
laboratory and described detail Glover, Goodwin 
(1947c). All optical measurements, except those 
few preliminary experiments, were carried out using 
the Beckman quartz photoelectric spectrophotometer. 
Vitamin levels were measured the intensity the 
blue colour produced chloroform solution 617 mp. 
with the SbCl, reagent, and carotenoid levels the in- 
tensity direct light absorption 449 the blood 
lipid extract dissolved light petroleum (b.p. 40-60°). 
The standard error vitamin determination about 
4%, and carotenoid determination 1%. 

Determination faecal carotenoids. The carotenoids were 
extracted according the method Goodwin Morton 
(1948) and the carotene fraction separated chromato- 
graphy defatted bonemeal (Goodwin Morton, 1946). 

Carotene and vitamin supplements. The vitamin con- 
centrates used were potent shark-liver oils. Carotene was 
used the form crystalline red palm oil 
concentrate, homogenized spinach (Nestlé). These 
various preparations were dispersed suitable volume 
water means Waring Blendor, using, various 
experiments, lecithin, bile salts and bile aid emulsifi- 
cation. 

Animals. Rabbits, sheep and goats were used experi- 
mental animals. The rabbits were maintained diet 
Lever’s cubes and fresh cabbage, the sheep and goats 
hay and Bibby’s cattle food (No. Cakelets). 

The goats and sheep were provided with London can- 
nulae (London, 1928; Gregory, 1946), abomasal duodenal 
cannulae, and fistulae the thoracic duct, aseptic 
operations general anaesthesia (Gregory, 
1947). 

Collection thoracic lymph the conscious animal. The 
thoracic duct was exposed and drained either tying all 
other branches the jugular vein, into which the duct 
usually opened, and then introducing cannula into the 
vein, passing directly into the duct thin-walled 
plastic tube which the lymph did not clot for many 
hours. The cannula tubing was brought out through 
stab-wound the skin adjacent the incision, and lymph 
collected small rubber bag containing small amount 
heparin. some experiments which cannulation 
the jugular was performed, clotting was successfully avoided 
subcutaneous injection ‘chlorazol sky blue’ the 
vicinity the incision. The dye promptly appeared the 
lymph and this was stained blue and rendered incoagulable 
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for many hours. other experiments, however, this 
method was not successful, and supplies suitable 
plastic tubing became available us, this was used later 
experiments. 

The duration collection lymph experiments which 
were successful that clotting was avoided, was some 
cases limited the death the animals from unknown 
cause. The usual sequence events was that, following 
recovery from the anaesthetic (about min. after comple- 
tion the operation), the animal remained apparently 


normal state, walking about and eating, for period 


10-20 hr. Rapid deterioration its general condition then 
became apparent, indicated chiefly stertorous and rapid 
breathing, and increasing weakness the limbs. Death 
from respiratory failure occurred within 1-2 hr. from the 
first appearance these signs and post-mortem examination 
failed reveal any condition likely have been responsible 
for death. The rate flow lymph was constant about 
ml./hr. and tended decrease during the period 
infroduction the carotene solution into the intestine, 
particularly this was rapid. The flow continued 
the moment death. other experiments, which were 
failures owing clotting the lymph, the animals re- 
covered completely and regained normal healthy state; 
and these cases the same procedures had been carried 
out, seems unlikely that any these was itself factor 
the death the other animals. 

Since deterioration the animal’s condition would 
expected, anything, depress absorptive processes, and 
the experiments reported here absorption the solution 
introduced (as indicated the presence vitamin and 
fat the lymph samples) was, fact, well advanced before 
the death the animal, feel that the fact that these 
experiments were semi-acute, that they were not fol- 
lowed permanent recovery the animal, does not 
detract from their value. 


RESULTS 


Carotene and vitamin portal and systemic 
venous blood 


Rabbits. Experiments were first carried out 
ascertain whether oral administration massive 
doses carotene was followed the appearance 
the systemic blood appreciable amounts caro- 
tene. Crystalline dissolved refined 
arachis oil dispersed water was administered 
stomach tube groups rabbits doses 
4800 each. two experiments the blood 
samples were drawn intervals 27, 48, 
and after dosing, and third hourly 
intervals for the first hr. after dosing. These experi- 
ments were carried out before the photoelectric 
spectrophotometer was available, and view the 
large quantities plasma required for deter- 
mination was considered preferable pool the 
samples from the group rather than withdraw 
excessive amounts blood from any one animal. 
instance was carotene observed the plasma. 
The possibility that the absorption was defective 
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was investigated determination the faecal caro- 
tene content; was found that whereas absorption 
from arachis oil was poor (almost excretion) 
that the colloidal solution was apparently good, 
only the administered carotene being 
accounted for the faeces. The bulk the carotene 
given this form had either been absorbed 
destroyed the intestine; experiments which 
colloidal carotene solutions were incubated 37° 
with rabbit intestinal contents provided evidence 
for such destruction. seemed reasonable con- 
clude therefore that the carotene had been absorbed 
without gaining access the systemic circulation. 

Examination the portal blood for vitamin 
and carotene under similar conditions was obviously 
indicated; and the hope avoiding more com- 
plicated experimental procedures, number acute 
experiments were performed rabbits which 
blood samples were taken simultaneously from the 
portal vein and the inferior vena cava under light 
nembutal cyclopropane/O, anaesthesia various 
times after the oral administration large doses 
carotene. detectable amounts carotene were 
found any the blood samples. 

Sheep and goats. the experiments just 
described, failure detect carotene the portal 
blood was not unexpected view the notorious 
sensitivity absorption processes the conditions 
such experiments. Further experiments were 
therefore carried out goats and sheep provided 
with portal and abomasal cannulae. 

these experiments, the results three which 
are summarized Table the carotene preparation 
(dispersed unsaponifiable matter from red palm oil 
prepared the method Goodwin Morton, 
1946) was introduced slowly into the abomasum 
and ml. samples portal and systemic venous 
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blood were drawn simultaneously frequent inter- 
vals for periods hr. after dosing. The results 
were consistently negative; the carotene values 
the bloods were low indistinguishable 
from zero for they correspond reading the 
spectrophotometer H=c. 0-01. The vitamin 
levels were, the whole, reasonably constant, and 
certainly showed significant rise after adminis- 
tration the carotene. 

Two similar experiments were performed 
sheep, one which the carotene was 
the form spinach purée. Both gave results 
identical with those obtained goats, and are there- 
fore not reported detail. 


Extent absorption carotene from the 
alimentary tract 


possible explanation the negative results 
far recorded was that little none the carotene 
given the manner described had been absorbed. 
experiment carried out sheep, which 
vitamin was administered under similar condi- 
tions instead carotene, showed that this well 
absorbed, normal blood tolerance curve being 
obtained. The vitamin levels the portal and 
systemic blood samples were never significantly 
different, and the time required reach maximum 
blood levels was 4-6 hr., approximately the same 
that man (Table 2). 

However, the dose vitamin used was con- 
siderably higher than that carotene and 
well known that vitamin more readily absorbed 
than carotene (e.g. Wald, Carroll Sciarra, 1941), 
further experiments were made check more 
directly the efficiency carotene absorption. 
goat no. (Table carotene was introduced the 


Table Carotene and vitamin levels portal and systemic blood 


(Samples plasma goats drawn varying intervals after administration via abomasal cannula 31,000 yg. 
carotene red palm oil unsap. dispersed 21. water with potassium stearate.) 


Plasma carotene and vitamin levels 


Systemic Portal 
Time after 
dosing Carotene Vitamin Carotene Vitamin 
Goat (hr.) ml.) ml.) ml.) (i.u./100 ml.) 
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Table Vitamin levels the portal and 
systemic blood 


(Samples from sheep after receiving 
salts and (w/v) sodium stearate.) 


Vitamin levels 


Time after (i.u./100 ml. plasma) 
dosing 

(hr.) Portal Systemic 
131 129 
121 116 

118 


Table Excretion carotene 


(Estimation carotene fluid draining from ileal 
fistula sheep fed 32,850 carotene homogenized 
spinach via abomasal cannula.) 


Time 
draining after 
administration Volume Carotene Hourly 
carotene liquid content excretion 
(hr.) (ml.) 
Nil Nil 
Trace Trace 
Nil Nil Nil 
160 427 107 
250 194 
Trace Trace Trace 
250 300 
252 126 
400 200 
252 
150 163 
200 840 280 
100 1250 104 
Total 4048 


Incomplete collection about 75% total. 
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usual way into the abomasum and this was emptied 
hr. afterwards. Only the carotene intro- 
duced was still present, indicating that there was 
appreciable retention the abomasum. The ex- 
cretion these animals was ascertained two ways: 
(a) the usual balance experiment which the 
amount carotene excreted for several days before 
and after administration known dose was fol- 
lowed; and (b) providing sheep with cannula 
the terminal ileum addition that the 
abomasum that after administering carotene all 


material which passed through the small intestine 


could collected and examined. This sheep re- 
ceived into the abomasum homogenized spinach 
containing 32,850 carotene, and the ileal con- 
tents were collected for the next hr. (Table 3). 
From the results was estimated that 87-7 the 
carotene had failed reach the terminal ileum. 

The balance experiments were carried out two 
goats each provided with portal cannula, and 
(b) abomasal duodenal fistula. was not 
feasible remove hay from the diet either before 
during the experiment, base-line carotene ex- 
cretion had determined. This was obtained 
taking weighted mean value for the daily carotene 
excretion over 5—7 days previous the experiment 
and for similar period after the experiment, when 
the levels had returned to, dropped below, the 
original levels. This tended eliminate any error 
due variation the amount hay consumed 
the animals during the experiment. Table records 
the results two such experiments, which indicate 
that carotene well absorbed under these con-, 
ditions. Only 18-9 and respectively the 
carotene given appeared the faeces. 

seemed probable from the results the experi- 
ments the previous series that the carotene was 
largely absorbed, but possibly rate which was 
slow and dependent the rate passage from the 
abomasum, that detectable amounts carotene 


Table Faecal excretion carotenoids 


(Goats fed via duodenal cannula, red palm oil unsap. dispersed water with lecithin and bile salts.) 


Goat no. (abomasal tube) 


Total Excess 
daily excretion 

Duration excretion over basal 
collection 

days prior dosing 2,205 

days after dosing 13,460 9,390 

day later 12,970 10,935 

day later 3,080 1,045 

day later 1,190 

Weighed mean basal excretion 

Total excess excretion 21,370 

Dose 113,000 


excretion 
ercentage 113,000 


100 =18-9 


Goat no. (duodenal tube) 


Total Excess 
daily excretion 
Duration over basal 
collection’ 
days prior dosing 2,615 
day after dosing 2,700 
days later 16,360 11,270 
days later 2,250 
Weighed mean basal excretion (ug.) 
Total excess excretion 13,970 
Dose 197,400 
13,970 
Percentage excretion 197,400 
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the portal venous blood were not observed. Goats 
were therefore provided with portal cannulae and 
duodenal cannulae the hope that direct intro- 
duction carotene solutions into the upper parts 
the small intestine would result more rapid 
absorption. Larger amounts carotene also 


Table Vitamin plasma levels portal 
and systemic blood 


(Samples drawn from goats varying intervals after 
administration 100,000 carotene, via duodenal 
cannula, red palm oil unsap. dispersed water 


with lecithin and bile salts.) 
Plasma vitamin 


Time levels 
Dose after ml.) 
Animal level dosing 

105 

106 

105 

Goat died. 


used. three experiments this type, which 
samples portal and systemic venous blood were 
drawn intervals after the duodenal introduction 
carotene, detectable amounts carotene could 
observed (Table 5). The results goat no. were 
obtained during the balance experiments previously 
described. 
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The implications our inability to.demonstrate 
carotene the blood goats and sheep were be- 
coming increasingly clear; the carotene was being 
converted into vitamin before reached the 
blood, i.e. the intestinal wall. Concurrent experi- 
ments which were being carried out this laboratory 
rats and which are reported fully accom- 
panying paper (Glover al. made clear that 
this was the case. review all the vitamin 
plasma levels obtained our previous experiments 
did not reveal the expected rise following carotene 
administration. was possible that the rise was 
slight that could not detected the analytical 
methods available. 

reasonably certain that vitamin itself 
travels the liver via the lymphatic pathway 
(Drummond, Bell Palmer, 1935; Popper Volk, 
1944; Eden Sellers, 1948). complete this in- 
vestigation, therefore, was decided provide goats 
with thoracic cannulae well duodenal tubes 
that thoracic lymph could collected continually 
during the experiment. two preliminary experi- 
ments which the unsaponifiable fraction red 
palm oil, dispersed water, was administered 
quickly, carotene appeared the lymph but 
there were small increases the vitamin levels. 
The clearly positive results three animals re- 
corded Table were obtained after administering 
the carotene dispersed much smaller volume 
water (250 ml.) slowly over hr. 

The concentration the lymph lipids extracted 
light petroleum (b.p. was also determined 
these experiments and the variations follow 
closely those for vitamin The lipid and vitamin 


Table Vitamin levels the thoracic lymph 


(Samples drawn intervals after administration 112,000 carotene, red palm oil dispersed 250-500 ml. 


water with either bile bile salts.) 


Vitamin lipids lymph 


Goat no. 


Goat no. Goat no. 
Time after 
dosing Vitamin Lipids Vitamin Lipids Vitamin Lipids 

498 147 1053 1209 

101 262 

195 
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values obtained goat no. are presented 
graphically Fig. The parallelism very striking 
and the drop absorption after hr. when the 
carotene addition was discontinued and the increase 
after hr. when was resumed, well reflected 
both curves. The increase the lymph lipids was, 
however, much greater than that the vitamin 
levels. The maximum increase vitamin obtained 
each experiment was 100 whereas that the 
lipids was the order 500-800 The reason for 
this not immediately apparent, but the well- 
known inhibition the antimony trichloride test 
excess fat probably makes our vitamin values 
determined around maximum absorption rather low. 


1800 


70 
a 
> 30 a 

10 

0 


Time after dosing (hr.) 


Fig. Variation lipid and vitamin levels lymph 
goat dosed with carotene (112,000 red 
palm oil) via duodenal cannula. vitamin 
eee lipids. 


Two other interesting but limited observations 
were made the lymph: (a) The vitamin levels 
two samples goat lymph were much less than the 
levels the corresponding plasma. The two lymph 
samples contained and i.u./100 ml., whilst the 
corresponding plasma levels were 135 and 
100 ml. respectively. One experiment indicated that 
recent preliminary note (Eden Sellers, 1948) 
states that vitamin the lymph bullocks also 
preponderantly ester, but that the lymph levels are 
higher than the plasma levels. Light petroleum 
(b.p. extracts lymph obtained from goats 
recently removed from summer pasture were quite 
yellow, although similar extracts from the corre- 
sponding blood plasma were colourless; extracts 
from lymph goats kept hay and cattle food were 
also colourless. Spectrophotometric examination 
the pigment indicates that not carotenoid; the 
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absorption curve (Fig. shows only one maximum 
433-434 mu. and very small inflexion about 
590 (not recorded the curve). The pigment 
destroyed treatment with alkali, which further 
indicates that not carotenoid. From these 
data the possibility that derived from chloro- 
phyll must considered, but further investigations 
are necessary finally determine this. 


035 


500 


450 


400 

Fig. Absorption spectrum pigment extracted 
light petroleum from lymph goat grazing fresh 
pasture, 


Carotenoids other tissues 


The apparent selective accumulation caro- 
tenoids often reported certain mammalian tissue, 
viz. adrenals, corpora lutea, yellow bone marrow, 
has led certain amount speculation the 
function carotene per se, distinct from its 
activity vitamin precursor. was obviously 
important determine whether, those animals 
which carotene appears get into the blood 
stream only traces all, carotene accumulates 
these organs. The adrenals, ovaries, liver and bone 
marrow (from the long bones) number goats 
killed after carotene administration were examined. 
case was carotene detected any the 
organs. The bone marrow was perfectly white. 


DISCUSSION 


The failure obtain positive results our first 
series experiments, carried out determine the 
route whereby carotenoids are transported sheep 
and goats, explicable, the light our later 
work. have now shown that the unanaesthe- 
tized animal the carotene converted into vitamin 
the gut wall and transported via the lymph 
the liver where is.stored. difficult experi- 
ments this type rule out completely the lumen 
the intestine the site conversion, but the 
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failure destroy carotene incubation with 
rabbits’ intestinal contents (vide infra) indicates 
that this so, and the experiments rats (Glover 
al. supply additional proof. The transport 
the vitamin via the portal system not ruled out 
but highly unlikely occur any great extent. 
This confirms the work Drummond al. (1935), 
Popper Volk (1944), and Eden Sellers (1948). 
suggested that the failure find vitamin the 
plasma sheep and goats after feeding carotene 
due the dynamics the situation. The vitamin 
taken the lymph quantities which 
are sufficiently great experimentally demon- 
strable; however, the delivery the lymph into 
the systemic blood supply the excess vitamin 
becomes quickly dispersed and removed that 
the concentration increment too ‘small 
detected. 

Support for this reasoning has been provided 
the following experiment: i.u. vitamin were 
administered similar dispersions (250 ml. water, 
bile salts) via duodenal cannulae into two goats, 
one which was provided with thoracic cannula, 
and blood and lymph samples were collected from 
both animals varying times afterwards. clear 
(Table that the increase vitamin much 
greater lymph than blood and obviously there 
also dilution aspect when lymph compared 
with blood. Complete confirmation this obser- 
vation has been provided the recently reported 
work Eden Sellers (1948). 


Table Comparison vitamin levels 
and lymph goats 


(The goats received identical doses vitamin i.u.) 
via duodenal cannulae.) 


Goat no. Goat no. 
Time after vitamin vitamin 
dosing ml. (i.u./100 ml. 
plasma) lymph) 
167 189 
181 232-5 
452 
517 
496 
293 
232 


The fact that goats the normal levels vitamin 
lymph are lower than the blood levels not 
opposition this point view. Normally, the 
vitamin blood the form and its 
concentration controlled optimum functional 
level the liver (Glover al. The vitamin 
normal lymph that which has been formed from 
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carotene and now transport the blood; 
other words, normal animal, blood and lymph 
vitamin levels need not and not bear any re- 
lationship each other. 

now possible sum the position regarding 
the conversion carotene into vitamin mam- 
mals. Although the experimental basis for the 
hypothesis has been severely criticized (Rea 
Drummond, 1932; Woolf Moore, 1932), was 
generally assumed until recently that the conversion 
takes place the liver. Sexton, Mehl Deuel (1946) 
first suggested that the liver was not the site con- 
version, and demonstrated that injected carotene 
accumulated the liver but did not appear 
converted into vitamin The first results reported 
here (see Goodwin al. 1946) also pointed this 
direction, and when Glover al. 
found that retinene, possible intermediate the 
carotene-vitamin transformation, was converted 
into vitamin the gut, appeared even more 
probable that conversion carotene takes place 
this organ. The accompanying paper (Glover al. 
proves this for the rat experiments carried 
out vitro and vivo; and Wiese, Mehl Deuel 
(1947) and Mattson, Mehl Deuel (1947) have com- 
pletely confirmed these results. Meanwhile, Thomp- 
son, Ganguly Kon (1947), approaching the problem 
from aslightly different angle, have come the same 
conclusion, using the pig. The work reported here 
goats confirms these findings, and proves that 
the vitamin thus formed transported via the 
lymphatics, fact previously suggested acute 
experiment Thompson al. (1947). 


SUMMARY 


Carotene could not demonstrated the 
portal systemic blood rabbits, goats sheep 
after administration massive doses carotene 
various forms the oral, abomasal duodenal 
route. 

Carotene, either dispersed red palm oil 
homogenized spinach, well absorbed goats and 
sheep irrespective its route administration. 

goats provided with thoracic cannulae, 
increases the vitamin levels the lymph were 
obtained after carotene, proving that 
vitamin formed from carotene the gut wall 
and transported the liver via the lymph. 

expected carotene converted into vitamin 
the gut wall, could not demonstrated. The prob- 
able reason for this discussed. 

After dose vitamin the concentration 
vitamin was much higher lymph than 
plasma. 

restricted number experiments indicate 
that the normal vitamin level the lymph 
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goats less than that the plasma, and that the 
lymph vitamin mostly the ester form. 

Anon-carotenoid yellow pigment, which may 
chlorophyll derivative, present the lymph 
goats feeding fresh grass. 

carotene could detected the adrenals, 
liver, ovaries, bone marrow goats. 


Weare grateful number people who helped make 
this investigation possible: Dewar, Department 


Physiology, for help the beginning the investigation; 
for much help locating the thoracic duct; Lever Bros, 
and Unilever Ltd., for gifts red palm oil; Nestlé 
for gift homogenized spinach; Code, The 
Mayo Clinic, U.S.A., for special plastic tubing for the 
thoracic cannulae; Prof. Morton, not only for 
financing most the investigation grants from his- 
Ministry Food Research Fund, but also for his constant 
help and encouragement; Prof. Newton for 
his advice. 
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THE INTESTINE THE RAT 


Department Biochemistry, University Liverpool 


(Received March 1948) 


Since the work Moore (1930), which showed that 
carotene administered orally the rat was converted 
into vitamin which was stored the liver, many 
investigators have attempted determine the locus 
the transformation. The problem has been 
approached different ways and attention has been 
focused two organs, the intestine and the liver, 
either which ‘carotene’* given the oral 
route could conceivably transformed into vita- 
min 

The results the earlier vitro work, where 
minced liver tissue extracts were incubated with 

‘Carotene’ used here denote mixtures the 
and 


colloidal suspensions ‘carotene’, were conflicting. 
Ahmad (1931), Olcott (1931), Parienti 
Ralli (1932) and von Euler Klussmann (1932) 
obtained evidence for the formation vitamin 
indicated the production lipid with ultra- 
violet absorption band the region 328 (the 
maximum for vitamin the detection 
increase colour intensity with the antimony tri- 
chloride reaction. the other hand, Rea Drum- 
mond (1932), von Euler (1932) and Ahmad (1934), 
were unable prepare vitamin under similar con- 
ditions. Furthermore, Drummond MacWalter 
(1933) could not obtain vitamin from carotene 
which was actually taken the liver cells prior 
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mincing and incubating. all the experiments 
for which positive results were claimed, most only 
traces vitamin appear have been formed. 
Again, now well known that under the action 
heat yields cis-isomerides, solutions 
which saturated-hydrocarbon solvents exhibit 
absorption maximum 335 which difficult 
distinguish from the vitamin maximum when 
other absorbing substances are present. Hence the 
results vitro experiments are not considered 
unequivocal proof that the conversion takes place 
the liver. 

The vitro technique having failed solve the 
problem, workers turned their attention studies 
the living animal. carotene administered 
parenteral route shows vitamin activity, then 
the liver the probable site conversion the 
provitamin. Carotene colloidal suspension has 
been administered parenterally various groups 
workers and again the results were conflicting 
indefinite. Using the intravenous route, Wolff, 
Overhof van Eekelen (1930) and Ahmad, Grewal 
Malik (1934), obtained positive results for the rabbit, 
but Rea Drummond (1932) and Drummond 
MacWalter (1933) could not confirm the trans- 
formation carotene vitamin the liver the 
cat the rat. 

More recently, using technique partial hepat- 
ectomy similar that Drummond MacWalter 
(1935), Vinet, Plessier Raoul (1943) claim have 
demonstrated the conversion carotene vitamin 
the liver the rabbit. The analysis small 


specimens this tissue taken intervals after 


injection colloidal suspension carotene 
whereas controls showed drop vitamin content 
that period. The carotene content the specimens 
was determined the same time. values greater 
than 2-16 were recorded, suggesting that 
immediate conversion the carotene had occurred 
reaching the liver. This observation conflict 
with the fact that the transformation carotene 
into vitamin comparatively slow process, 
and also with the observations van den Bergh, 
Miiller Brockmeyer (1920), Drummond, Gilding 
MacWalter (1934) and many others, that carotene 
introduced into the circulation intravenously 
stored the liver, particularly the Kupffer cells. 
So, apart from the difficulties partial hepatectomy 
(both technique and interpretation) emphasized 
Drummond MacWalter (1935), the evidence 
Vinet al. not satisfactory establishing the 
liver the site conversion. 

Using curative growth tests vitamin 
depleted animals the criterion activity, Chu 
Coady (1934), With Wanscher (1939) and 
Tomarelli, Charney Bernhart (1946) have claimed 
that carotene possesses vitamin activity when 
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administered the intramuscular route. Yet 
Rokhlina, Balakhovski Bodrova (1943) came 
the conclusion that carotene administered paren- 
terally completely lacking vitamin effect, 
regardless whether oil aqueous colloidal 
solution used. Again, the evidence conflicting. 

Recently, Sexton, Mehl Deuel (1946) have care- 
fully compared the biological activity carotene 
administered the rat orally and parenterally. 
When carotene was given the parenteral route 
moderate amounts were stored the liver but only 
traces vitamin were found there. When given 
the oral route, however, smaller doses spread 
over period, moderate amounts vitamin but 
little carotene, appeared the liver. Furthermore, 
vitamin A-deficient rats were unable utilize caro- 
tene given intrasplenic injection, forthesymptoms 
vitamin deficiency persisted, although sub- 
stantial amounts carotene had reached the rats’ 
livers. The authors suggested that this negative 
evidence excluded the liver and pointed the 
intestine the site conversion. 

appears from these results that the biological 
activity carotene best very much less when 
given the parenteral route than when fed orally, 
while direct analysis the liver tissue shows that 
substantial amounts may stored 
there (in spite the fact that the rat efficient 
converter carotene vitamin and yet not 
utilized the animal alleviate symptoms 
vitamin deficiency. Thus, even the liver can 
produce traces vitamin from the provitamin, 
can neither the main nor the only locus the 
transformation. 

The next organ consider the site con- 
version the intestine, which has not hitherto been 
examined extensively. Moore (1931) carried out 
various colorimetric tests intestinal lipids. 
used ratio expressing the intensity light 
absorption due visible pigment relative that 
the blue colour produced with the antimony tri- 
chloride reagent detect the presence vitamin 
The observed change the ratio fall) was not, 
however, sufficient establish the presence 
vitamin Using the same criterion for vitamin 
Vinet al. (1943) examined the intestinal contents 
and mucosa vitamin A-depleted guinea pigs 
2-6 hr. after oral administration carotene, and 
obtained similarly indefinite result. Sexton al. 
(1946) dosed vitamin A-depleted rats with carotene 
and then removed the intestinal tracts and incubated 
them for 6—24 hr. 37°. evidence was obtained 
its destruction. 

Popper (1941) studied the problem using the 
method fluorescence microscopy. examining 
the various organs series vitamin A-depleted 
rats intervals after administering carotene orally 


on; 
ny, 
the 
for 
his- 
ant 
for 

94, 
as 
ri- 
n- 
n- 
er 
ne 
or 


514 


and parenterally, attempted find the organ 
which fluorescence first appeared. never de- 
tected fluorescence due vitamin the liver 
the rat following parenteral administration caro- 
tene; after oral administration sometimes de- 
tected fluorescence first the intestine and later 
the liver, but usually first the latter. Since 
was occasionally able detect vitamin fluores- 
cence first the intestine Popper suggested that this 
organ could convert carotene into vitamin though 
believed the liver the main site con- 
version. 

appears likely that the conversion can take 
place the intestine, but the fact that the reaction 
slow probably accounts for the lack absolute 
proof. The mechanism the transformation reaction 
not known. Hunter (1946), following the work 
Morton Goodwin (1944) retinene, suggested 
that oxidative attack upon the central double bond 
occurs resulting (possibly with intermediate stages) 
formation vitamin aldehyde, which turn 
reduced vitamin alcohol. has shown that 
such scheme can realized vitro, albeit with 
very small yields. Glover, Goodwin Morton (1948) 
shown that retinene, aldehyde) fed 
rats reduced immediately entering the in- 
testinal wall. This strengthens the hypothesis that 
the aldehyde link the conversion 
vitamin the intestine. 

the light the foregoing considerations, the 
aim the present work was examine more closely 
the possibility that the intestinal wall the site 
the transformation. preliminary report the 
work has already been published (Glover, Goodwin 
Morton, 1947a). The following possible reactions 
vitamin aldehyde; reduction the aldehyde 
the and (c) absorption and esterification 
vitamin alcohol followed its removal from 
the intestine into the blood stream. and (c) 
take place more rapidly than (a), appreciable 
amount vitamin will found the intestine 
even the height absorption 
Compared with vitamin carotene poorly 
absorbed even under the most favourable circum- 
stances. The results the absorption vitamin 
aldehyde (Glover al. 1948) indicate that processes 
(b) and (c) are very rapid indeed, but little known 
about (a). With (1941) compared the rate de- 
position vitamin the liver after feeding 
and vitamin found that vitamin 
appeared the liver not earlier than after 
ingestion carotene, whereas only was 
required for the preformed vitamin reach that 
organ. This suggests moderate time lag for process 
(a). Rea Drummond (1932) and Drummond 
(1933) have come similar conclusion. 
Furthermore, many workers have been unable 
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observe any appreciable rise the plasma level 
carotene vitamin human subjects given 
moderate doses carotene, e.g. von Drigalski (1934), 
With (1941), and Steigmann Popper (1944). 
Similarly, Goodwin, Dewar Gregory (1946) and 
Goodwin Gregory (1948) could not detect rise 
when large doses carotene were fed goats 
through duodenal fistula. The above observations 
can only satisfactorily explained process (a) 
were much slower than (c). Hence one cannot 
expect find much vitamin the rat intestinal 
wall unless moderately high concentration 
carotene can obtained there. hoped revert 
the dynamics the processes later date. 


EXPERIMENTAL 


Preparation carotene. the preliminary experiments, 
the carotene used was prepared from dried grass, which 
was extracted with acetone large Soxhlet extractor. 
The solvent was removed from the extract and the residue, 
taken light petroleum, was chromatographed 
column alumina (Savory and Moore) remove 
chlorophylis and xanthophylls. The light petroleum eluate 
was made known volume and the carotene content 
the solution determined measuring its extinction 
448 using the Beckman quartz photoelectric spectro- 
photometer. 

known volume this solution measured quantity 
arachis oil was added and the solvent removed, that 
the desired amount carotene was contained ml. the 
oil. For the later more quantitative experiments, which 
the absorption spectra the tissue lipids were recorded, 
was used. The requisite amount 
dissolved ether (freshly distilled over reduced Fe) 
and again quantity arachis oil containing little 
lecithin (0-1 g./ml.) was added and the solvent removed 
vacuo room temperature leaving solution 
carotene known concentration the oil (2-5 mg./ml.). 
Tocopherols other anti-oxidants were not added this 
solution because their presence would complicate the ultra- 
violet absorption spectra the lipid extracts from the 
various tissues. 

Two groups adult rats males and females) 
were prepared controls feeding them the normal 
diet cubes (Lever Bros. and Unilever Ltd.) supplemented 
with carrots and cabbage for approximately months. 
this diet the rats build moderate liver reserve 
vitamin solely from provitamin source, the cubes 
when used contain detectable vitamin but certain 
amount carotene (c. the end this period 
the rats were taken off the carotene diet and placed 
vitamin A-free diet (Glover, Goodwin Morton, 19475) 
for days allow the residual carotene the intestine 
disappear. They were then killed and their livers and small 
intestines removed for examination. 

Leaving out preliminary experiments, further group 
newly weaned rats were placed vitamin A-free 
diet for about which time growth had ceased. 
group were killed controls. The pooled livers 
and pooled intestines were separately saponified. Each 
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non-saponifiable extract was tested for vitamin with 
The negative results obtained confirmed the absence 
detectable amounts vitamin 

Except for which were examined singly higher dose 
levels, the remainder the rats were divided into groups 
The animals were fasted for hr. prior feeding 
The solution oil (2-5 mg./ml.) 
was taken syringe and ml. administered 
stomach tube each animal the group. For the single 
animals fed higher dose levels (one mg. and two 
each) the was contained ml. oil. 
little the the oil used the highest dose 
level did not appear true solution. 


Preparation tissue extracts and 
analytical methods 


various intervals hr.) after administering the 
B-carotene, the animals were anaesthetized and killed. The 
liver and intestinal tract, excluding the large intestine, 
were removed for examination. The former was ground 
with anhydrous Na,SO, and extracted with freshly dis- 
tilled ether. The extract was then examined for vitamin 
and carotene the methods described. The small 
intestine was separated from the stomach the pyloric 
sphincter. The stomach was cut open and the contents 
removed with little ethanol and ether. The mixture was 
transferred separatory funnel and after the addition 
suitable quantity water, extracted with ether. This 
extract was washed with water and dried over The 
solvent was then removed, and the residue dissolved 
light petroleum and chromatographed bone-meal 
remove the residual The adsorbate was removed 
with acetone and the lipid residue was recovered and 
examined for vitamin 

The contents the small intestine were flushed out with 
0-9% NaCl and the mixture collected beaker. Approxi- 
mately 0-5 vol. ethanol was added and the whole 
triturated mortar break any solid material. The 
mixture was then transferred separating funnel and 
extracted with ether until free from colour, the ether 
extract being then treated described for the stomach 
extract. The intestinal tissue was saponified and extracted 
with ether. The washed extract was dried over 
filtered and the solvent removed; the residue was taken 
ml. light petroleum and chromatographed bone- 
meal column. The light petroleum eluate was made 
known volume, usually 100 The adsorbate was eluted 
with acetone, the solvent removed and the lipid residue 
flask. The flask was placed previously prepared 
ethanol-CO, mixture for hr., during which time 
large proportion the sterols was precipitated. This 
was filtered off small sintered glass funnel con- 
taining and surrounded pieces solid CO,. The clear 
filtrate was collected small filter tube. Suitable 
samples were taken for determination the ultraviolet 
absorption spectrum and vitamin 

Incubation intestines. Rats were anaesthetized hr. 
after being dosed with carotene and the small intestines 
ligatured the pyloric sphincter and the caecum. The 
closed intestines were then immediately removed and placed 
Ringer solution and incubated 37°. the end the 
required period (3-20 hr.) they were removed and treated 
described for the normal intestine. 
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Determination carotene and vitamin The solutions 
carotene were examined the Beckman quartz photo- 
electric spectrophotometer. The extinction the solutions 
was measured 448-450 and accepting the 
(450 for B-carotene light petroleum 2500, the 
amount present was calculated. 

Vitamin was estimated two methods: (1) ml. 
portion the filtrate after removal sterols was taken 
dryness vacuo room temperature hard glass test 
tube. 0-5 ml. chloroform was added the residue, 4-0 ml. 
SbCl, reagent run and the mixture placed immediately 
and the extinction the blue solution (maximum observed 
617 measured, from which the concentration 
iu. could calculated using conversion factor 550. 
(2) The ultraviolet absorption spectrum was recorded and 
using the three-point method correction for irrelevant 
absorption (Morton Stubbs, 1946) the true absorption 
due vitamin was calculated, from which the concen- 
tration i.u. was calculated, using conversion factor 


1800. 
RESULTS 


Preliminary qualitative experiments with the 
reagent the non-saponifiable matter from in- 
testinal extracts indicated that vitamin was 
present the intestine during the absorption 
carotene and that the maximum amount vitamin 
occurred hr. after dosing. detectable quan- 
tities vitamin were found the contents the 
lumen the small intestine stomach. The quan- 
titative results for the young rats fed with solution 
crystalline and for the control animals 
given the carotene-rich diet are shown Table 

The small intestines the vitamin A-depleted 
animals and the controls (Exps. and which 
had high liver reserve vitamin formed entirely 
from carotenoid source, were examined for vitamin 
Both the test and the correction procedure 
failed demonstrate its presence, even 
traces. the remaining experiments 
where was process absorption, 
vitamin characterized its ultraviolet absorption 
spectrum and the colour test with was 
always found the gut wall. typical absorption 
curve and the corrected vitamin curve are shown 
Fig. The extracts from all seven groups 
animals gave similar curves capable correction 
the three-point fixation method, and also the blue 
colour (absorption max., 617 my.) characteristic 
vitamin with the reagent. 

The vitamin was determined both methods 
analysis and general, close agreement (columns 
and Table was obtained for the amount 
present spite the large corrections which 
had applied the ultraviolet absorption 
curves the second method. The amount vitamin 
found was very small. attempt increase 
the yield vitamin the small intestines the 
remaining rats were allowed take 
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516 GLOVER, GOODWIN AND MORTON 1948 
Table Vitamin formed the intestine the rat during absorption carotene 
Intestine 
Gut wall Liver 
Time Incu- Lumen 
No. tene after Vitamin A(i.u.) Caro- Vitamin 
given dosing time Caro- Vitamin tene tene 


(i) Diet containing mixed carotenoids; (ii) trace yellow pigment not carotene; (iii) trace yellow pigment. 


under physiological conditions. They were then re- 
moved intact from the animal the peak period 
absorption hr. after dosing) and incubated 
Ringer solution. Exp. the vitamin 


0-9 


Extinction 


0-4 


0-2 


0-1 


0-0 
250 


350 
Wave length 


300 400 


Fig. (a) Ultraviolet absorption spectrum the gut-wall 
extract (in methanol) the carotene-fed rat; and (b) the 


lent total 175 i.u.) 


corr. * 


content the incubated gut walls greater than 
that the non-incubated, but the increase not 
sufficiently marked assert definitely that vitro 
conversion had taken place. 


DISCUSSION 


The preparation extract from the small in- 
testine which gives both correctable ultraviolet 
absorption curve for vitamin and strong colour 
test compared with control extracts 
which gave neither, taken unequivocal proof 
the presence vitamin the intestinal wall the 
rat during the absorption Further- 
were found the intestine each animal killed 
hr. after dosing with and the liver 
reserves vitamin were low i.u./liver), 
whereas Exps. and rats killed and 
hr. respectively after dosing, the amount 
vitamin the intestines was just detectable, i.e. 
and i.u., and the liver reserves were 360 and 
i.u. respectively. These results considered together 
with those Exps. and III* can only satis- 
factorily explained the basis that vitamin 
formed from the the intestine and does 
not originate the liver. The result obtained 
Exp. VIII where vitamin the intestines was 
greater after incubation compared with control 
tissue from similarly dosed animals supports this 
view. 

The absence detectable quantities vitamin 
from the contents the lumen and stomach during 


Although the final analysis vitamin was 
detected these tissue extracts, possibie that the 
original extracts contained traces but the process 
saponification and particularly that chromatography 
the vitamin under the best conditions always involves 
slight loss vitamin, The loss, however, ought 
the same order for each tissue examined the technique 
was always the same. 
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the absorption the implies that the 
latter converted into vitamin entering the 
gut wall. However, Thompson, Ganguly Kon 
(1947) have reported vitamin the contents 
the small intestine the carotene-fed rat amounts 
comparable that observed the gut wall. 
contrast our result above, this could indicate that 
the carotene broken down vitamin before 
reaches the gut wall. is, perhaps, possible that 
the vitamin found the lumen contents arises from 
mucosal cells removed the washings friction 
when the intestines were being flushed out with 
ether. the other hand, the observation (Glover 
al. 1948) that vitamin aldehyde, possible 
reduced vitamin immediately entering the 
gut wall, supports the suggestion that this organ 
responsible for the breakdown Further- 
more, the coexistence and vitamin 
the gut wall, coupled with the fact that much less 
detected the liver than the wall 
the small intestine during the absorption the 
provitamin, strongly indicates that the latter organ 
responsible for the conversion B-carotene 
vitamin 

The above work, with that Mattson, Mehl 
Deuel (1947) and Wiese, Mehl Deuel (1947) the 
rat, Thompson al. (1947) the rat and pig, and 
Goodwin Gregory (1948) the goat, establishes 
the important fact that the main site conversion 
the provitamin carotene, vitamin the 
intestine the animal. The results bear out 
full the idea that the failure earlier workers 
detect vitamin the intestine after feeding 
carotene was due the relatively slow rate con- 
version and rapid removal the vitamin formed 
from the intestine. 

One main problem which has far defied satis- 
factory explanation the variation the relative 
amounts carotene and vitamin the blood and 
liver different species. The differences can, how- 
ever, considered dependent the rate 
carotene and the efficiency abundance 
enzyme system effecting the conversion the in- 
testinal wall. the carotene intake large, the 
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system will not able break down all the carotene 
and some will pass into the bloodstream and hence 
the liver. Once has passed the intestinal wall 
further conversion carotene vitamin im- 
probable. would seem that the widely varying 
ratios carotene vitamin the blood serum 
liver different animals are due several factors: 
(a) varying levels intake and variable success 
presenting food carotene for assimilation; 
(b) variable for its conversion into vitamin 
the intestinal wall; and (c) differences the 
rates the provitamin and the 
vitamin from the blood. 


SUMMARY 


The small intestine the rat fed carotene- 
rich diet for months and then placed vitamin 
A-free diet for days prior examination does not 
contain detectable amount vitamin even 
though there moderate reserve the vitamin 
the liver. 

When the absorption dose carotene 
vitamin A-depleted animal maximal (approx. 
hr. after dosing), vitamin demonstrated two 
independent methods, present the gut wall 
amount comparable that the liver, and the 
gut wall contains appreciable quantity caro- 
tene, although there only small negligible 
amount the liver. 

These facts establish the wall the small 
intestine the locus the transformation 
carotene into vitamin 

explanation suggested for the differences 
observed the relative amounts vitamin and 
carotene the blood and livers different animal 
species. 

are indebted the Medical Research Council and 
the Ministry Food for grants aid these investigations. 


the reaction may oxidation process, the 
efficiency will depend not only the abundance the 
enzyme present, but also the hormonal activation 
the enzymes responsible for the oxidation. 

Withdrawal includes physiological utilization and 
oxidative wastage. 
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Isotopic tracers can considerable value 
immunochemical investigations. has been used, 
for example, studies the formation and circu- 
lation antibodies (Schoenheimer, Heidelberger, 
Rittenberg Ratner, 1941; Heidelberger, Treffers, 
Schoenheimer, Ratner Rittenberg, 1942). Radio- 
active isotopes and have been used deter- 
mine the amount tracer-containing antigen 
antigen-antibody precipitates (Boursnell, Dewey, 
Francis Wormall, 1947), and investigations 
the lipid and vitellin lipovitellin-anti- 


lipovitellin precipitates (Francis Wormall, 1948). 


Libby (1947) and Libby Madison (1947) have 
recently used tobacco mosaic virus 
study the rate breakdown this antigen the 
animal body. There are obviously many other ways 
which labelled antigens and antibodies can 
used the field immunology. 

the present investigation, preliminary study 
has been made the fate injected 
antigens, phosphorylated human serum proteins and 
vitellin, determine the length time these 
antigens remain the blood stream after injection. 


METHODS 


Phosphorylated 


Preparation phosphoryl chloride containing Radio- 
active sodium phosphate was diluted with ordinary phos- 
phate and precipitated (0-9 g.). This was dried 
and intimately ground with 0-9 HCl-extracted charcoal 
(Merck). The mixture was thoroughly dried 150° and 
then heated dry all-glass Pyrex apparatus metal 
bath 300°, with dry air drawn through the 
charcoal mixture remove traces moisture. weighed 
receiver was connected and cooled 
mixture about and dry was passed through 
the mixture until the reaction ceased. The 
residual mixture was removed and finely 
ground break the CaCl, layer which had formed over 
the remaining was then reheated current 
dry air and passed through before. When this 
reaction had ceased, the POCI, the receiver was warmed 
toremove COCI, and distilled. (Yield theory.) 

Preparation phosphorylated human serum 
Human serum (6-5 phosphorylated with 0-229 
previously (Boursnell, Dewey Wormall, 1948). this 
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experiment the proteins were not separated precipitation 
with acid, but the solution was dialyzed about against 
(w/v) NaCl until free from dialyzable phosphate; this 
product, which had P/N ratio 0-085, was treated with 
0:05 vol. phenol and used for injection; 
similar preparation used for the precipitin tests had P/N 
ratio 0-065. 


Treatment the blood samples 


Three rabbits each received intravenous injection 
phosphorylated human serum proteins, and 
blood samples little over 5-5 ml. each bleeding) were 
taken intervals from the ear not used for the injection. 
radioactivity determination was made ml. 
each blood sample, and 5-0 ml. were centrifuged and the 
separated cells and plasma treated follows: 

Cell fraction. The cells were washed three times with ml. 
NaCl each time, and radioactivity determination 
was made the whole sample. 

Plasma. radioactivity determination was made 
ml. the plasma, and the remainder was used for 
separation the proteins follows: 

(a) precipitation. Plasma was 
added cold ethanol-ether (7:3 v/v) mixture, 
kept for hr. and then centrifuged. The precipitate 
was washed twice with ml. cold ethanol-ether mixture 
each time, and three times with ml. cold ether. was 
then Soxhlet-extracted with two 100 ml. portions CaCl,- 
dried ether for hr. each time, and radioactivity deter- 
minations were made the dried product. Determinations 
made few the ethanol-ether extracts showed that 
these contained significant amount 

acid precipitation. Plasma (1-0 ml.) 
was added ml. cold (w/v) trichloroacetic acid. 
After hr. the precipitated proteins were centrifuged 
and washed three times with ml. (w/v) trichloro- 
acetic acid each time. Radioactivity determinations were 
made the dried proteins. 


Determination radioactivity 


The samples were incinerated with HNO,, and 
described previously (Boursnell, Francis Wormall, 
1946a). The resulting pyrophosphate was hydrolyzed 
boiling for min. with approx. and KH,PO, 
equivalent 100 mg. Mg(NH,)PO, was then added. The 
phosphate was separated ammonium phosphomolybdate, 
and converted this was dried 
and weighed amount transferred ring (1-7 cm. 
diameter) mounted brass plate. The precipitate was 
spread evenly and protected few drops dilute 
collodion solution ethanol-ether. Radioactivity deter- 
minations were carried out described for Boursnell 
al. (1946a), using the counter system described 
Banks (1946). 


Lipovitellin and vitellin 


Preparation antigens 


Lipovitellin. solution radio-lipovitellin 10% (w/v) 
NaCl was prepared from eggs laid hens injected with 
neutralized sodium phosphate, described 
previously (Francis Wormall, 1948). 


PROTEIN ANTIGENS 


Vitellin. solution radio-lipovitellin (c. 10% 
NaCl) was poured into vol. ethanol-ether mixture 
The mixture was centrifuged once and the 
precipitate was washed once with ethanol-ether and twice 
with ether, operations being carried out between 
and and rapidly possible. Most the 
adhering ether was removed rapid evacuation and the 
protein was washed once with ice-cold water; was then 
dissolved minimal amount dilute NaOH and pre- 
cipitated with dilute acetic acid, dissolved saturated 
urea solution and dialyzed. The products were emulsified 
with 0-9% NaCl solution with the addition few drops 
0-1N-NaOH and strained through muslin give fine 
cream suitable for injection. 


Preparation materials for radioactivity 
determinations 


Blood. Blood from the marginal vein the ear not used 
for the injection was collected tubes containing oxalate 
intervals after the injection lipovitellin. The rabbits 
injected with vitellin died about min. after the injection 
and these cases blood was then taken from the heart 
quickly possible. Whole blood samples ml.), 
the separated plasma and cells, were evaporated dryness 
several times with conc. HNO, (2-3 ml.) ml. flasks 
until clear straw-coloured liquid was obtained. further 
evaporation with HNO, plus 1-2 ml. 10% (w/v) 
completed the destruction all organic matter. 

Tissues. The whole organs (liver, spleen, heart, lungs and 
kidneys) were removed immediately after the death the 
rabbits injected with vitellin; these organs were dried with 
filter paper, weighed, dried and ashed 
heating muffle furnace for about hr. 400° and 

Radioactivity determinations. Preliminary experiments 
showed that where the residue from the incineration 
sample was less than 100 mg., accurate radioactivity deter- 
minations could made without separating the phosphate; 
these residues were dissolved water containing few 
drops and the solution evaporated directly 
copper nickel holders. With larger residues, the material 
was dissolved mixture N-HCl and (occasional 
insoluble fractions having been found have detectable 
radioactivity), and the solution boiled hydrolyze pyro- 
phosphoric acid. The phosphate was then precipitated with 
magnesia mixture, and sample (up 100 mg.) spread 
nickel holder for radioactivity determination. All the 
results recorded the tables are average values for two 
more determinations. 


RESULTS 
Injection phosphorylated proteins 


The serum proteins are strongly antigenic and, since 
phosphorylation can readily effected low tem- 
perature and about was thought that 
phosphorylated human serum proteins might 
suitable for immunological investigations. They are 
relatively non-toxic and can injected amounts 
sufficient permit one trace the antigen after its 
injection. The available for some our experi- 
ments was rather small, but the radioactivity the 
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phosphorylated proteins used here was high enough 
allow reliable determinations made small 
blood samples taken from the rabbits intervals. 
this experiment the mixed phosphorylated pro- 
teins were freed from inorganic phosphate 
dialysis, but were not otherwise purified separated, 
order minimize far possible the chemical 
changes effected the protein antigen. 

The results experiment with three rabbits 
showed (Table that the injected antigen did not 
remain long the blood stream. Assuming com- 
plete mixing the injected material with the circu- 
lating blood, and assuming blood volume 
body wt. (the approximate average 
for the blood volume from values quoted 
Erlanger (1921) for the rabbit), the radio-P con- 
tent the blood the injected animals would 
about 8-6 shortly after the injection. The 
average values observed were 6-4 after about 
min., 2-0 after and 0-5 radio- 
P/ml. whole blood hr. after the injection. 
expected, the greater part the was present 
the plasma the early stages the experiment the 
cell fraction the blood contained only very small 
amount min. and hr. after the injection. Deter- 
minations were not made the cell fractions later 
blood samples, since was thought that any 
present these cells might have originated from 
inorganic phosphate removed from the phosphory- 
lated proteins. will observed that the sum 
the radio-P contents the plasma (adjusted the 
basis plasma volume 55-60% the whole 
blood volume) and the blood cell fraction does not 
quite agree most cases with the value for whole 
blood. This might have been due the loss 
containing compounds during the washing the 
cells. 

some determinations were made 
the proteins separated from the plasma samples 
either treatment with ethanol-ether pre- 
cipitation with trichloroacetic acid, with the object 
finding out how much the blood plasma 
was present the proteins. The values obtained 
with these separated proteins were similar the 
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corresponding plasma values recorded Table 
and these plasma radio-P values can therefore 
regarded measure the amount phosphory- 
lated human serum protein present. other in- 
vestigations has been found (Boursnell al. 1948) 
that treatment with ethanol-ether under the con- 
ditions our experiments leads precipitation 
inorganic phosphate with the protein, but this does 
not appear complicating factor here; the 
amount radioactive inorganic phosphate liberated 
the first few minutes and possibly even during the 
first after the injection would probably 
small, and any case much would readily 
diffuse from the blood the tissues. 

radioactivity determinations, approximate 
measure the length time the injected protein, 
its dephosphorylated counterpart, remained 
the blood, some the plasma samples were tested 
with antisera human serum proteins. Since our 
antisera phosphorylated proteins were not specific 
for the phosphate-containing groups phosphory- 
lated proteins, was decided that serological tests 
should made for the human serum protein part 
the molecule. The results showed that significant 
amounts human serum proteins, their phos- 
phorylated derivatives (since these are precipitated 
antisera human serum proteins) were present 
circulation least days after the in- 
jection. 


Injection and vitellin 


view the fact that the phosphate groups 


phosphorylated proteins are fairly readily removed 
37°, injection experiments have been carried out 
with the more stable labelled antigens, lipovitellin 
and vitellin. Both compounds can synthesized 
biologically and obtained after moderate amount 
chemical treatment and manipulation. 

The results experiments with lipovitellin 
showed (Table that the injected compound 
rapidly left the blood; about 12% only remained 
the blood after min., after hr. and about 
after the injection. 


Table Radio-P content whole blood, cells and plasma rabbits 
after the injection phosphorylated human serum 


(Three rabbits and weighing 3-25, 2-95 and 2-95 kg. respectively, each received intravenous injection 


1-25 ml./kg. 


content whole blood plasma, the cells from ml. whole blood) 


solution dialyzed phosphorylated human serum containing 346 and 0-13 microcuries 


Time 
after Whole blood Cells (washed) Plasma 

0-17 6-8 7-0 0-07 0-03 0-03 10-2 

2-2 2-1 0-06 0-08 0-13 2-4 

0-4 0-4 0-6 0-3 0-4 0-5 

0-2 0-2 0-2 0-0 0-0 0-1 

144 0-2 0-1 0-0 0-0 0-0 
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Table Radio-P content blood rabbits following the intravenous injection lipovitellin 


(Rabbits 541, 544 and 529, wt. 2-4, 2-4 and 2-3 kg. respectively, each received injection 3-0 ml. lipovitellin 
solution containing 4572 radio-P. Rabbit no. 541 received further similar injection days later.) 


Time after 


Radio-P content blood) 


Total* radio-P 
the blood 


Rabbit injection 
no. (hr.) Whole blood 
541 0-08 4-2 

0-7 

1-4 

541 0-25 

(2nd injection) <1-2 
0-9 

544 0-08 

529 0-08 5-0 


Plasma Cells that injected 
0-6 0-7 

<0-6 

<0-2 0-7 
2-5 
3-4 


Assuming blood volume ml./kg. body wt. 


Vitellin, the corresponding lipid-free protein, was 
more difficult deal with since practically 
insoluble water dilute salt solutions. However, 
with the aid little very dilute NaOH and other 
cases with saturated urea solution, the vitellin was 
converted into fine cream for injection. Un- 
fortunately, this suspension proved very toxic 
the two rabbits used for this experiment, and they 
both died just under min. after the injection. 
withdrawing blood from the heart and removing 
selected organs once, material was obtained for 
study the distribution the injected antigen. 
The results (Table showed that considerable 
amount, possibly much half the injected 
antigen, had left the blood stream the first minute 
after the injection, most the missing antigen being 


Table Radio-P content the blood and some organs 
rabbits shortly after the intravenous injection 
vitellin 


(Rabbits nos. 634 and 635, each 2-7 kg., received 5-0 
and 4-0 ml. respectively solution suspension radio- 
vitellin; the amount radio-P injected was 2575 and 
2060 respectively. Both rabbits died about min. after 
the injection. Blood was then immediately taken from the 
heart, and the organs were excised quickly possible 
and treated described the text.) 


Radio-P content 


no. 634 Rabbit no. 635 
radio-P radio-P 
injected injected 
Blood 2025* 79* 1080* 52* 
Kidneys 1-4 <10 
Lungs 481 339 
Liver 402 354 


Assuming blood volume ml./kg. body wt., and 
uniform distribution the radio-P throughout the blood. 


found the liver and lungs. Calculations have 
shown that the radio-P the blood present the 
lung and liver samples analyzed could account for 
small fraction only the radio-P content these 
organs. 


DISCUSSION 


The site antibody formation the animal body 
not clearly established, but believed many 
investigators that antibodies, which, according 
the most widely accepted view, are essentially 
modified plasma globulins, are synthesized the 
same place are the normal plasma proteins. 
Madden Whipple (1940), from the evidence 
their own and other investigations, concluded that 
the liver takes important part the manufacture 
the normal plasma proteins, and not unreason- 
able believe that this organ partly wholly 
responsible for the synthesis antibodies against 
foreign proteins and other antigens. There also 
evidence that the reticulo-endothelial system 
whole takes part this synthesis (cf. reviews 
Landsteiner, 1945, pp. 146-7; Boyd, 1943, 
pp. 62-4). 

Whatever the site antibody formation, would 
certain that the injected antigen, orsome 
fairly large fraction the molecule, will located 
these tissues some time after its injection. 
Working this hypothesis several investigators 
have examined various tissues intervals after the 
injection readily detectable antigens. Haurowitz 
Breinl (1932), for example, used arsenic-con- 
taining azoprotein antigen and found that most 
the arsenic remained the liver and ‘marrow bones’. 
Other evidence the localization much the 
injected antigen the liver was obtained Rous 
Beard (1934) using ferromagnetic iron oxide and 
Sabin (1939) with the aid coloured azoprotein. 

our experiments have used 
protein antigens, although these are not ideal labelled 


l, 
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proteins for such investigation. The phosphory- 
lated proteins, like the azoproteins, are artificial 
complexes, and most the linkages between the 
introduced phosphate groups and the protein mole- 
cule are fairly readily split 37° (Heidelberger, 
Davis Treffers, 1941; Boursnell al. 1948); this, 
together with the fact that the liberated inorganic 
phosphate will undoubtedly take part metabolic 
reactions unrelated antibody formation, renders 
results obtained with phosphorylated proteins 
limited value. The localization any tissue 
after the injection these proteins should only 
regarded being immunologically significant 
occurs fairly soon after the injection, though some 
the phosphate groups may remain attached the 
protein for some considerable time after the in- 
jection. The use vitellin and lipovitellin not open 
the same objections, since these are natural pro- 
teins containing firmly bound phosphate. the 
other hand, they are insoluble almost insoluble 
water and dilute salt solutions, though this not 
insuperable difficulty experiments involving the 
tracing injected antigen. much better antigen 
for these investigations the 
sulphone-protein compound (Berenblum Wormall, 
1939; Boursnell, Francis Wormall, and 
now that supplies have again become available 
this country our investigations with this antigen 
are being continued. 

The results the experiments described here have 
shown that the injected antigens are rapidly removed 
from the circulating blood, and the two experiments 
with injected vitellin (Table show that much 
the antigen removed the liver during the first 
minute after the injection. (The presence 
considerable amount the lungs this 
experiment not regarded necessarily significant, 
for seems probable that the vitellin particles in- 
jected, those precipitated when the suspension 
was injected into the vein, were unable pass 
through the lung capillaries.) This removal in- 
jected foreign particles the liver similar that 
observed Jones, Wrobel Lyons (1944) and 
Dobson, Kelly, Jones Gofman (1947), their 
experiments with chromic phosphate 
this injected compound became localized specifically 
the liver and spleen, and practically all was 
removed single passage the blood through the 
liver. Similar results were obtained with other radio- 
active inorganic colloids (Dobson al. 1947), but 
our experiments the injected protein particles were 
not taken the spleen during the first minute 
after the injection. possible that the spleen 
may take injected antigens other colloids 
later stage, but the results obtained Sheppard, 
Wells, Hahn Goodell (1947) suggest that there may 
fundamental differences the phagocytic re- 
moval different injected colloids. Using radio- 
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active isotopes these authors found, for example, 
that the injection colloidal gold into men and dogs 
both the liver and spleen, whereas the injection 
colloidal manganese dioxide led high concen- 

Specific deposition radioactive colloid the 
liver, and the resulting specific irradiation that 
organ, led marked depression deoxyribose 
nucleic acid metabolism (Jones, Kelly Lawrence, 
1947). One the objects our own investigations 
with lipovitellin and vitellin was 
obtain specific irradiation the reticulo-endothelial 
system and any other tissue which the injected 
antigen localized. The relatively short half-life 
period (14-3 days) and the probability that the 
phosphoproteins will slowly hydrolyzed the 
tissues may render these egg-yolk proteins specially 
suitable for this type investigation. For some 
these experiments propose use 
bacterial nucleoproteins, for preliminary experi- 
ments made collaboration with Prof. 
Garrod have shown that appreciable amounts 
can introduced into protein fractions 
streptococci and coliform organisms. 


SUMMARY 


proteins have been used study 
the fate intravenously injected antigens. The 
antigens used were lipovitellin and vitellin obtained 
from eggs laid hens injected with **P-containing 


inorganic phosphate, and artificially phosphorylated 


human serum proteins. 

The injected proteins quickly disappeared from 
the blood stream. Less than one quarter the 
injected phosphorylated human serum proteins was 
detectable the blood hr. after the injection, and 
the disappearance vitellin and lipovitellin was 
even more rapid, since only about one eighth the 
injected protein could detected the blood 
min. after the injection. 

Appreciable amounts were found the 
liver and lungs two rabbits min. after the 
injection suspension vitellin. The presence 
this material the lungs was possibly due the 
retention, the lung capillaries, vitellin which 
was precipitated when the material was introduced 
into the blood stream. 


The authors are pleased express their indebtedness 
the Medical Research Council, the British Empire Cancer 
Campaign, and the Central Research Fund the University 
London for grants one (A. W.) which have covered 
the expenses these investigations. Thanks are also 
tendered the Medical Research Council Tracer Element 
Sub-Committee (and its secretary, McFarlane), 
for supplies and Mulligan for help with 
some the preparations radioactive chloride. 
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p-Ethylphenylsulphuric Acid Goat Urine 


GRANT, Department Biochemistry, University Edinburgh 


(Received April 1948) 


Although was suggested Baumann 1879 that 
p-ethylphenol might formed the animal body 
the degradation tyrosine, the presence this 
substance was not reported until 1927, when 
Walbaum Rosenthal (1927) and Pfau (1927), 
isolated from the dried scent glands the beaver. 
More recently, Lederer (1943, 1946) isolated p-ethyl- 
phenol from extract acid-hydrolyzed pregnant 
mare urine. 

the present work the isolation p-ethylphenyl- 
sulphuric acid from urine the potassium salt 
reported for the first time. This substance was 
initially obtained from the urine ovariecto- 
mized goat, which had received large doses pro- 
gesterone and hexoestrol. Subsequently was also 
isolated from the urine normal goat. 

view the belief (Williams, 1947) that p-cresol 
quantitatively the most important phenol the 
urine vertebrates, noteworthy that clear- 
cut evidence has been obtained for the presence 
sulphuric acid the urine examined. The 
fact that the derivatives p-ethylphenol, prepared 
from the hydrolysis product the sulphate, re- 
quired frequent recrystallization before constant 
melting points could obtained, might suggest that 
the isolated substance was contaminated with 


appreciable amounts the sulphate p-cresol 
other phenols. Nevertheless, the present work 
indicates that the goat p-ethylphenylsulphuric 
acid excreted larger amount than p-cresylsul- 
acid. 


EXPERIMENTAL 


The experimental animals were mature ovariectomized 
goats diet hay and mixture bran, linseed cake, 
oats and beans. For the purpose lactation studies under 
the direction Folley the National Institute 
for Research Dairying, they received mg. 
and mg. progesterone daily. Folley and 
Cowie kindly arranged for the collection urine, and for 
its dispatch this laboratory. 

The urine was collected quantitatively under butanol. 
Daily collections were stored the refrigerator. The pooled 
7-day collections received were worked for conjugated 
substances. Normal goat urine was collected similarly from 
animal receiving treatment. 


Extraction urine 


Urine from treated goat was acidified 
with HCl, and rapidly extracted with butanol low tem- 
peratures. The butanol extract was washed with n/3-NaOH, 
and water, and evaporated dryness under reduced 
pressure. The residue was dissolved water, chilled 0°, 
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acidified with HCl, and rapidly extracted with 
chilled ether. The ether-washed aqueous phase was made 
alkaline litmus with NaOH, and extracted with butanol. 
After washing with water the butanol was evaporated 
vacuo, leaving light brown solid. 


Preparation potassium and p-toluidine salts 


The above-described solid was dissolved minimum 
water, and equal volume saturated potassium 
acetate solution added. The crystalline precipitate formed 
was washed twice with half-saturated potassium acetate 
solution, and dissolved 200 ml. butanol. After washing 
several times with water, the butanol was evaporated 
vacuo, leaving 1-933 nearly white crystals. After 
crystallization from (v/v) aqueous acetone, crystals 
melting (corr.) were obtained. 

The material thus obtained dissolved readily water, 
and gave test for sulphate after warming with 
Millon’s reagent gave positive reaction after heating 
several minutes 100°. The Tollens’ reaction for glucuronic 
acid was negative. and halogens were absent. 

After drying for several days vacuo over the 
following analytical results were obtained: 40-05, 40-09; 
3-86, 3-79; 14-0, 13-9; 16-5, 16-8; potassium ethyl- 
phenylsulphate requires 39-98; 3-78; 
13-34; 16-27%. 

0-154 the above-described potassium salt, and 0-225 
p-toluidine hydrochloride were dissolved separately 
ml. lots water. The two solutions were warmed 50° 
and mixed. The precipitate p-toluidine salt formed was 
recrystallized three times from water 50°, giving pro- 
duct melting (corr.) (decomp.). Mixed with 
sample authentic p-toluidine salt p-ethylphenyl- 
sulphuric acid, there was depression melting point. 
Found: 58-24; 6-02, 6-02. p-Toluidine salt 
p-ethylphenylsulphuric acid requires 58-24; 
6-19. Heating above 50° caused marked decomposition 
the p-toluidine salt the sulphate. 


Hydrolysis the potassium salt 


Hydrolysis was effected boiling the potassium salt 
with approximately for min., cooling, and ex- 
tracting with ether. The residue obtained evaporation 
the washed ether was distilled 100° and 0-1 mm. give 
white crystalline solid. This had strong phenolic smell 
and gave blue colour, turning dirty green, with ferric 
chloride solution. 
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Benzoylation the Schotten-Baumann method yielded 
product which, after six recrystallizations from moist 
ethanol, melted 59-60° (corr.). Mixed with authentic 
p-ethylphenyl benzoate (m.p. 60°, corr.) the m.p. was 
58-60° Mixed with authentic p-cresyl benzoate 
(m.p. 71°, corr.) the m.p. was 53°. Found: 79-64, 79-49; 
6-06, 6-05. for p-ethylphenyl benzoate 
79-64; 6-23, for p-cresyl benzoate 
79-23; 5-70%. 

The oxyacetic acid derivative the ether-soluble hydro- 
lysis product, after five recrystallizations, melted 94-95° 
(corr.). Mixed with authentic p-ethylphenoxyacetic acid 
(m.p. corr.) the m.p. was (corr.) and mixed 
with authentic p-methylphenoxyacetic acid (m.p. 136°, 
corr.) the m.p. was (corr.). 5-106 mg. dissolved 
water required 1-17 ml. giving equivalent 
184-9. for p-ethylphenoxyacetic acid 180-2. 


Normal goat urine 


the processes described above normal goat urine 
gave 1-15 potassium salt. The p-toluidine salt prepared 
from this gave 58-46, 58-12; 6-11, 5-96. 
salt p-ethylphenyl sulphuric acid requires 
58-24; 6-19%. The benzoate obtained from the ether- 
soluble hydrolysis product, after six recrystallizations from 
ethanol, melted Mixed with authentic p-ethyl- 
phenyl benzoate (m.p. 60°, corr.) the m.p. was 
After seven recrystallizations from water the 
oxyacetic acid melted 95°; mixed with authentic p-ethyl- 
phenoxyacetic acid the m.p. was 


SUMMARY 


The isolation p-ethylphenylsulphuric acid 
from animal sources, the potassium salt, 
reported for the first time. 

The p-ethylphenylsulphuric acid was obtained 
from goat urine, which appears quan- 
titatively the most important acid. 


The author indebted Prof. Marrian for much 
advice connexion with this work, Folley and 
Cowie the National Institute for Research 
Dairying for arranging supply urine, and 
Minnis who carried out the microanalyses. The expenses 
this work were partly defrayed from grant Prof. 
Marrian the Medical Research Council. 
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Mann Keilin (1940) discovered that sulphanil- 
amide and certain related substances are specific 
inhibitors carbonic anhydrase. subsequent 
work this enzyme (reviewed Davenport, 1946) 
these inhibitors have proved useful tools the study 
the physiological action carbonic anhydrase. 
According Mann Keilin the NH, group 
sulphanilamide not concerned with the inhibitory 
action, for benzenesulphonamide and 
sulphanilamide are also powerful inhibitors. con- 
trast the SO,NH, group concerned, for in- 
hibitions were found with sulphanilamide derivatives 
the type which most the 
sulphonamide drugs belong. 

Relatively little known the quantitative 
comparison the inhibitory powers different 
sulphonamides. Davenport (1945) has shown that 
dilute solutions carbonic anhydrase the ex- 
pression 
uninhibited fraction carbonic anhydrase 


inhibited fraction carbonic anhydrase 
inhibitor 


constant, which expected the inhibition 
due simple reversible reaction between car- 
bonic anhydrase and the inhibitor. Davenport deter- 
mined the value this expression (K, representing 
the inhibitor concentration when the inhibition 
50%) for sulphanilamide and for thiophene- 
2-sulphonamide dilute enzyme solutions, 
measuring the inhibition different concentrations 
the inhibitor. For sulphanilamide, was 
about the same 10°. 

This paper account survey the in- 
hibitory power twenty-five sulphonamides tested 
connexion with the experiments carbonic 
anhydrase described Krebs Roughton (1948). 
The concentrations causing inhibition 50% 
various conditions were ascertained. 


EXPERIMENTAL 


The inhibition the reaction between bicarbonate and 
phosphate buffer was measured with the technique 
described Krebs Roughton (1948). The carbonic 
anhydrase preparation was chloroform-ethanol extract 
blood containing 9-2 mg. dry matter/ml. For the test 
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was diluted 160 times and 0-1 ml. the diluted 
solution, containing 0-012 0-006 mg. dry matter, was 
added the main compartment. The inhibitor, volume 
was added the main compartment. Pre- 
liminary experiments established the order magnitude 
required produce 50% inhibition and several measure- 
ments were then made the critical inhibitor concentration. 
Davenport’s formula was used calculating the concen- 
tration causing inhibition 50%. pointed out 
Roughton Booth (1946) and Krebs Roughton (1948) 
results often show considerable variations when the con- 
centrations carbonic anhydrase are very low, was the 
case the present experiments. All data given are based 
least three independent measurements but great 
accuracy can claimed. general, the data obtained 
are more reliable than those obtained 15°. The error 


RESULTS 


Data obtained with the foregoing procedure are 
given Table 15° the inhibiting power was, 
all cases, lower than 0°, the differences between 
the values the two temperatures varying from 
substance substance. The data for sulphanilamide 
agree well with Davenport’s (1945) figures, whilst 
the case thiophene-2-sulphonamide the present 
figures are higher than those recorded Davenport. 
The most powerful inhibitors were prontosil red and 
prontosil soluble which caused inhibition 
molar concentration about p-tolu- 
enesulphonamide, acetylsulphanilamide, p-sulph- 
onamidobenzoic acid, naphthalene-1-sulphonamide, 
naphthalene-2-sulphonamide and 2-chloropyridine- 
5-sulphonamide caused 50% inhibition molar 
are thus more powerful inhibitors than thiophene- 
2-sulphonamide. The comparison several p-sub- 
stituted benzenesulphonamides shows that this 
series the inhibiting power decreased the following 


benzenesulphonamide 


p-Toluenesulphonamide was more active 
inhibitor than o-toluenesulphonamide; 
sulphanilamide was more active than sulphanil- 
amide, and benzenesulphonamide much more active 
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Table Inhibition carbonic anhydrase sulphonamides 


Substance 
p-Substituted benzenesulphonamides: 
Benzenesulphonamide 


p-Toluenesulphonamide 
p-Aminobenzenesulphonamide 


(sulphanilamide) 


p-Acetamidobenzenesulphonamide 


p-Aminomethylbenzenesulphonamide 
(marfanil) 
p-Sulphonamidobenzamidine 


p-Sulphonamidobenzamidoxime 


p-Sulphonamidobenzoic acid 
Other aromatic sulphonamides: 


o-Toluenesulphonamide 


o-Sulphonamidobenzoic acid 
Toluene-w-sulphonamide 


Naphthalene-1-sulphonamide 


Naphthalene-2-sulphonamide 


Thiophene-2-sulphonamide 


2-Chloropyridine-5-sulphonamide 


4-Sulphonamido-2’:4’-diaminoazobenzene 
(prontosil red) 


1-hydroxynaphthalene-3:6-disulphonic 
acid (Na salt) (prontosil soluble) 
sulphonamides: 

Sulphamezathine 

Sulphapyridine 

Sulphathiazole 

Sulphaguanidine 

Sulphacetamide 

sulphanilate 

p-Toluenesulphonylglycine 


Aliphatic sulphonamide: 


Formula 


COOH. 


.COOH 
.SO,NH, 


N 
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Concentration causing 
50% inhibition 


4-6 
1-0 


9-0 


1-0 


3-0 


0-06 


0-10 


2,200 
510 
6,600 
300 
6,500 
12,000 
4,400 


380 


15° 


a 


150 
2-0 
1-2 
4,200 
1,400 
7,700 
650 
19,000 
21,000 
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than toluene-w-sulphonamide. The one aliphatic sul- 
phonamide which was tested was relatively weak 
inhibitor. 

Sulphonamide drugs the type 
(sulphapyridine, sulphathiazole, sulphamezathine 
and sulphaguanidine) also inhibited carbonic an- 
hydrase when high concentrations were tested. The 
concentrations required produce inhibition 
were between 100 and 10,000 times higher than the 
case analogous compounds without substituent 
attached the atom. But even though the 
inhibitory capacity these substances smaller 
than that other sulphonamides they have marked 
example, sulphapyridine causes inhibition (at 
15°) when the molar concentration (or 
5-2 mg./100 ml.). These are concentrations which are 
reached the blood plasma the standard pro- 
cedures treatment. Much higher concentrations 
may occur the urine and, the drug given orally, 
the stomach and the intestinal tract. 


Inhibition carbonic anhydrase the presence 
tissue constituents 


The inhibition carbonic anhydrase given 
concentration inhibitor depends the affinity 
the inhibitor for the enzyme and for other substances 
the solution (see Davenport, 1941; van Goor, 
1946). the very dilute solutions carbonic 
anhydrase which the measurements recorded 
Table refer the second factor was minor im- 
portance. Animal tissues and body fluids may 
expected contain substances capable combining 
with sulphonamides and the inhibition carbonic 
anhydrase its natural medium may therefore 
smaller than the values given Table suggest. The 
following experiments were undertaken assess the 
order magnitude the effect tissue constituents 
the inhibition carbonic anhydrase. 
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Sheep kidney cortex was homogenized Waring 
Blendor with vol. buffer 7-0. The 
homogenate was heated for hr. boiling water 
inactivate carbonic anhydrase (heating 70° proved in- 
sufficient). The heated material was mixed with equal 
volume buffer 7-0 and again 
homogenized. The resulting liquid contained 5-2% dry 
matter and had 7-0. For carbonic anhydrase 
experiments ml. the homogenate were placed the 
main compartment Warburg cup, together with 0-2 ml. 
additional solutions (carbonic anhydrase, inhibitor solution, 
water). The side-arm contained 0-2 ml. 
total pressure about 200mm. was observed 
and experiments with inhibitors indicated that the heated 
homogenate still contained measurable amount car- 
bonic anhydrase. test the effect inhibitors 0-1 ml. 
diluted 160) chloroform-ethanol extract blood 
was added the main compartment, with and without the 
inhibitor examined. 


The data obtained are given Table will 
seen that the concentration required produce 
50% inhibition all cases increased the 
presence tissue homogenate. The extreme 
were those prontosil red, where the concentration 
was times, and p-sulphonamidobenzoic acid where 
was only 1-2 times high that required the 
absence tissue homogenate (at 0°). 


DISCUSSION 


Inhibitory effect warm-blooded animals under 
physiological conditions. Whilst the inhibitory action 
the sulphonamides decreased all cases with 
rising temperature, the temperature coefficient 
varied considerably from substance substance. 
The manometric technique not suitable for the 
exact measurement the inhibition body tem- 
perature owing the relatively high rate the 
uncatalyzed reactions carbonic acid that tem- 
perature, but approximate estimate the in- 
hibition can obtained extrapolation from the 


Table Effect tisswe homogenates the inhibition carbonic anhydrase sulphonamides 


For experimental conditions, see text. The effect tissue constituents indicated the ratio 


(concentration sulphonamide causing 50% inhibition with homogenate) 


sulphonamide causing 50% inhibition without homogenate) 


Experiments 


Experiments 15° 


Ratio Ratio 

Sulphanilamide 
p-Toluenesulphonamide 7-0 7-0 12-7 
p-Sulphonamidobenzoic acid 1-2 3-7 1-4 
Thiophene-2-sulphonamide 8-0 8-0 2-1 
Sulphaguanidine 2300 
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data given for and 15°. The effect tissue con- 
stituents the inhibition under physiological con- 
ditions will likewise have assessed extra- 
polation. The measurements listed Table were 
carried out medium containing about one 
quarter the amount tissue material present 
the intact organ. Moreover, the protein was de- 
natured heat treatment. 

Choice inhibitor for physiological experiments. 
the substances tested acid 
may have advantages over other substances in- 
hibitor experiments. Its powerful action much 
affected temperature and the presence tissue 
constituents. The neutral sodium salt very soluble 
water (about w/v) and can therefore added. 
concentrated solution. worthy note that 
p-sulphonamidobenzoic acid has been found urine 
after administration marfanil (Hartles Williams, 
1946) and p-toluenesulphonamide (Flaschen- 
trager, Bernhard, Schlapfer, 1934). 
some experiments may disadvantageous that 
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the inhibiting principle contained anion, 
this such cases benzene-, p-toluene-, 
naphthalene- thiophene-2-sulphonamide may 
preferable. 


SUMMARY 


The inhibitory action twenty-five sulphon- 
amides carbonic anhydrase was examined under 
varying conditions. Data are given for the concen- 
dilute enzyme solution, and also the presence 
tissue constituents. 

Relations between chemical constitution and 
inhibitory power and the suitability various 
substances for inhibitor experiments are discussed. 


The author indebted James Walker, National 
Institute for Medical Research, London, N.W. for samples 
marfanil, 
amidobenzamidoxime, 2-chloropyridine -5-sulphonamide 
and 
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79. FUSCIN, METABOLIC PRODUCT OIDIODENDRON FUSCUM ROBAK 
PART PREPARATION, PROPERTIES AND ANTIBACTERIAL ACTIVITY 


MICHAEL, Division Biochemistry, London School Hygiene and Tropical Medicine, 
University London 


(Received April 1948) 


Smith (1946), note the occurrence species 
the micro-fungus Oidiodendron Robak Britain, 
states that ‘the genus Oidiodendron was erected 
(1932) three species which were all found 
growing ground wood pulp Norwegian mills. 
The original three species are nigrum, fuscum 
and rhodogenum. Later, Robak (cited Melin 
Nannfeldt, 1934, 440) described fourth species, 
griseum, and further addition the genus was 
made von Szilvinyi (1941) with his 
The purpose the present communication 
describe the preparation, properties and antibacterial 
activity hitherto undescribed mould metabolic 


product, isolated from two different strains 
fuscum, for which the name fuscin proposed. Both 
the strains were identified Smith and were 
isolated originally from British sources, one—strain 
Ag. 112—by the late Charles from guncotton 
Ardeer, Scotland, 1926, the other—strain Camb. 
111—by Alan Burges Cambridge, England, 
1945, from the surface humus pine plantation. 
has been found that, when either these strains 
grown Czapek-Dox glucose solution, the 
yellow-orange culture filtrate after 28-30 days’ 
incubation 24° shows marked antibacterial 
activity against Staphylococcus aureus. Aeration 
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the clear culture filtrate (pH 5-0) from strain Ag. 112 
leads the deposition orange-red micro- 
crystalline precipitate crude fuscin, and 
the disappearance from the culture filtrate most 
its antibacterial activity. has been proved that 
this case the freshly prepared culture filtrate con- 
tains mixture fuscin with considerably larger 
amounts its reduction product, dihydrofuscin, 
enzyme system fuscin. Strain Camb. 111 behaved 
rather differently, since aeration its culture filtrate 
(pH 6-2) led deposition fuscin. However, 
acidification and ether extraction this culture 
filtrate, fuscin was readily isolated and purified. 

The isolation fuscin and its reduction product 
dihydrofuscin from cultures the same strain 
Oidiodendron fuscum lends further support the 
growing belief that metabolic products this type 
the moulds which produce them. Thus, from 
culture filtrates Aspergillus fumigatus Fresenius, 
Anslow Raistrick (1938) isolated fumigatin, 
hydroxy-4-methoxy-2:5-toluquinone and the corre- 
sponding quinol, 
Posternak (1939) obtained the substituted ditolu- 
quinone, phoenicin, and its leuco derivative tetra- 
hydrophoenicin from Penicillium rubrum Gras- 
berger-Stoll; Ashley, Raistrick Richards (1939) 
found that certain species the Aspergillus glaucus 
series produce, along with physcion, 4:5-dihydroxy- 
7-methoxy-2-methylanthraquinone, two reduction 
products physcion, i.e. the anthranols 4:5-di- 
and 4:5- 
and 
Ashley Raistrick (1938) separated from the 
mycelium Helminthosporium Atkinson 
yellow luteoleersin, and its colourless re- 
duction product alboleersin, All these 
quinonoid metabolic products and their corre- 
sponding leuco derivatives have been shown 
interconvertible. 

Fuscin brilliant orange diamond- 
shaped plates, m.p. 230°. Its chemistry and its 
derivatives and breakdown products, number 
which have been prepared, will form the subject 
future communication. Hence will suffice here 
state that has many properties suggestive 
quinonoid structure. Thus readily sublimes un- 
changed high dissolves alkalis with 
the formation intensely purple-coloured salts; 
easily reduced colourless dihydrofuscin cold 
aqueous sodium hyposulphite catalytically 
hydrogen the presence palladium catalyst; 
conversely, dihydrofuscin readily reoxidized 
fuscin aeration its solution 9-2 buffer. 

Fuscin has marked antibacterial activity, parti- 
cularly against all the Gram-positive bacteria tested, 
the growth which completely inhibits con- 
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less active against Gram-negative organisms. Vibrio 
cholerae was inhibited six other species 
1:5000 1:10,000, but four species, including 
two Salmonella and two Shigella, were not com- 
pletely inhibited even concentrations 
Two species mycobacteria were inhibited 
and while was inactive against 
third species. 

Several antibiotics, notably penicillin, strepto- 
mycin and patulin, are inhibited the presence 
thiol compounds, but the nature this inhibition 
isnot yet clearly understood. Whenaslightly alkaline 
solution fuscin treated with thioglycollic acid 
the initial intensely purple colour the solution 
quickly disappears. Subsequent acidification the 
almost colourless solution leads the deposition 
microcrystalline precipitate which, crystalli- 
zation from hot water, gives colourless needles, 
m.p. 200°, the analysis which corresponds 
complex mol. fuscin+1 mol. thioglycollic 
acid+1 mol. water. perhaps somewhat sur- 
prising that the conversion fuscin into this com- 
plex causes little change its antibacterial spectrum. 


EXPERIMENTAL 


Cultures 


Fuscin was prepared from two different strains Oidio- 
dendron fuscum Robak. They bear the London School 
Hygiene and Tropical Medicine (L.S.H.T.M.) catalogue 
numbers Ag. 112 and Camb. 111. Strain Ag. 112 was used 
exclusively for the bulk production fuscin. 

Strain Ag. 112 was isolated the late Charles 
April 1928 the research laboratories 
Nobel’s Explosives Co. Ltd., Ardeer, Scotland. 

Strain Camb. 111 was isolated Alan Burges, School 
Botany, Cambridge October 1945 from the surface 
humus pine plantation Wangford Warren, near 
Brandon. 

Both strains were identified colleague, George 
Smith, who reports that ‘growth very slow, grey 
fuscous, powdery, with some dirty brown pigment the 
medium (Smith, 


Cultural 


volume 350 ml. Czapek-Dox solution (glucose, 
2:0 g.; g.; KCl, 0-5 g.; 
measured into each number conical flasks, and 
sterilized. The medium was inoculated with heavy spore 
suspension prepared from cultures fuscum 
strain Ag. 112 grown Czapek-Dox agar slopes. Batches 
100 such flasks were incubated the dark 24° and 
were harvested after 28-30 days, when the surface the 
mould mycelium was grey the reverse almost 
black, and the culture fluid orange reddish brown. 
Crystals fuscin were sometimes observed the 
mycelium older cultures weeks). 
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Isolation fuscin from the culture fluid 


The culture fluid was separated filtration from the 
mycelium. The culture filtrate 1.) still contained from 
2-8 glucose, had almost invariably 5-0 
and completely inhibited the growth Staphylococcus 
incubation. The filtrate, initially clear and orange colour, 
although was quite stable the absence air, gradually 
changed exposure air either room temperature 
even after chilling, dark brown and the course 
few hours orange-red precipitate crude fuscin began 
separate. will shown later that the culture filtrate, 
before exposure air, contained mixture fuscin with 
much larger amount its reduction product, dihydro- 
fuscin. Since dihydrofuscin relatively unstable because 
the readiness with which oxidized fuscin, the 
stable quinonoid form, the following procedure was adopted 
for isolation. The culture filtrate was distributed equally 
between four 101. bottles. vigorous stream air was 
passed through the bottles for hr. room temperature, 
and after standing overnight the resulting precipitate was 
separated filtration through layer kieselguhr, 
washed well with water and dried. The crude material 
consisted lens-shaped, microscopic, orange-brown crystals. 
The filtrate, now very dark, contained very little fuscin and 
was discarded. 

The crude fuscin was purified extraction the dried 
powder with boiling ethanol 
1400 batch). cooling the ethanol solution 
after filtration from the kieselguhr, almost pure fuscin 
separated shining, orange-red, diamond-shaped plates 
which were filtered off, washed with ice-cold ethanol and 
dried. Evaporation the ethanolic mother liquors and 
washings about ml. yielded second crop, usually 
about crystalline fuscin, almost equally 
good quality. 

all, batches 100 flasks each were prepared and 
yielded total 242 crystalline fuscin (first and second 
fractions combined) which corresponds average yield 
maximum yield any one batch was and the 
minimum 7-86 

Isolation fuscin from Oidiodendron fuscum, strain Camb. 
111. Ten flasks, each containing 350 ml. Czapek-Dox 
solution, were inoculated with fuscum, strain Camb. 111, 
and incubated 24°. When the flasks were harvested after 
days they appeared very similar those strain Ag. 
112. The mycelium was grey with dark reverse. The 
yellowish brown culture filtrate had the following char- 
acteristics: residual glucose, 3-2%; pH, 6-2; completely 
inhibited the growth Staph. aureus dilution 

The culture filtrate was vigorously aerated, but, unlike 
that from strain Ag. 112, precipitate was formed. The 
filtrate was therefore made acid congo red with HCl and 
extracted with two portions ether each 
removal the solvent from the orange-brown extract there 
remained 0-55 brown powder which was crystallized 
from hot ethanol. The resulting orange crystals had all the 
properties fuscin from strain Ag. 112; e.g. m.p. and 
mixed m.p. 230°, identical colour reactions with ethanolic 
FeCl, and with aqueous alkalis, and similar antibacterial 
activity against Staph. aureus. 
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Isolation dihydrofuscin from culture filtrates Oidio- 
dendron fuscum, strain Ag. 112. The contents (about 1.) 
seven 11. flask cultures fuscum, strain Ag. 112, 
days old, were filtered quickly Buchner funnel 
directly into conc. HCl (100 ml.), and all subsequent opera- 
tions were carried out, far possible, atmosphere 
nitrogen. The acid filtrate was extracted three times with 
500 ml. portions ether. The combined ether extracts were- 
concentrated ml. and chilled overnight. The resulting 
were collected and recrystallized from ether yielding 
0-13 buff-coloured prisms, m.p. 204°, not depressed 
admixture with dihydrofuscin, m.p. 206°, prepared the 
reduction fuscin (see 531). The combined mother liquors 
yielded evaporation further crop crystals consisting 
mixture colourless dihydrofuscin and orange fuscin. 

The oxidation dihydrofuscin fuscin aeration 
culture filtrates fuscum, strain Ag. 112, appears 
effected enzyme system. Such filtrate, 100 ml. 
which gave good precipitate fuscin direct aeration, 
afforded fuscin when treated follows: (a) 100 ml. were 
brought the boil atmosphere N,, cooled and 
aerated for hr.; (6) 200 ml. were acidified with cone. 
(10 ml.), kept overnight and then carefully readjusted 
5-0 with aqueous KOH, and vigorously aerated. 

Similarly, aeration suspensions dihydrofuscin 
(20 mg.) acetate buffer solutions (100 ml.) either 
5-0 6-0 failed yield fuscin, both the buffer solutions 
and the undissolved crystals remaining colourless. 


Analysis and general properties fuscin 


Fuscin was prepared for analysis repeated recrystal- 
lization from ethanol and was finally obtained brilliant 
orange diamond-shaped plates, m.p. 230°. sublimes 
high vacuum without decomposition. (Found: 
hydrogen pyridine, 0-38; anisol, nil; 10-2. 
requires 65-2; 5-8; active hydrogen atom, 
0-36; 

molecular weight determination the depression 
the melting point camphor failed owing decomposition. 
Manchester, kindly carried out X-ray analysis. 
reported follows: ‘The unit cell the crystal was found 
1102, and the mol. wt. was calculated from this 
1102/4=275. The symmetry the crystal 
such that was not possible decide between the two 
alternatives.’ requires mol. wt. 276 and this 
value was confirmed molecular weight determinations 
derivatives fuscin. 

Fuscin soluble chloroform, acetone, hot ethanol, 
ethyl acetate, and acetic acid, moderately soluble ether 
and benzene, slightly soluble cold ethanol, and almost 
insoluble light petroleum and water. readily soluble 
aqueous alkalis Na,CO, and NaOH) with 
the formation intense purple colour, and aqueous 
pyridine with purple-blue colour. solution 
solution fuscin gives purplish red colour with ethanolic 
soluble cold H,SO, with the formation 
greenish yellow, not very intense, colour. ethanolic 
solution does not give precipitate with Brady’s reagent, 
nor does acetone solution resture the colour 
reagent. With ethyl cyanoacetate ethanolic NH, blue 


Vol. 


colour developed, but only the purple colour which fuscin 
gives with any alkali. The purple colour changes orange- 
brown the course half hour. 


Preparation dihydrofuscin from fuscin 


(a) reduction with sodium hyposulphite. solution 
fuscin (20 g.) chloroform (1600 ml.) was shaken vigorously 
with solution (200 g.) water When the 
original orange colour had disappeared completely the 
chloroform solution was washed once with little freshly 
boiled-out water and evaporated dryness atmosphere 
N,. The dry residue was crystallized from ethanol 
(120 ml.) yielding dihydrofuscin (15-4 g.) 
crystals, m.p. 206°. (Found: 64-3, 64-2; 6-6, 

(b) catalytic reduction. solution (0-5 g.) 
glacial acetic acid (100 ml.) was reduced shaking 
atmosphere with catalyst prepared from PdCl, 
(0-2 g.) and norite charcoal (0-5 g.). Reduction was com- 
plete min. when 45-4 ml. (corr.) were absorbed. 
Theory for uptake mol. ml. The colourless 
solution was separated from the catalyst filtration and 
evaporated dryness vacuo. The residue, crystallized 
from dry ether, gave colourless, thick, irregular tablets, 
wt. 0-30 g., m.p. 206° alone admixture with dihydro- 
fuscin prepared method (a) above. Adams Shriner’s 
(1923) platinum oxide catalyst similarly gave dihydro- 
fuscin, further reduction being effected. 

Dihydrofuscin moderately soluble ethanol ether 
and almost insoluble light petroleum water. Its 
ethanolic solution gives red colour with 


Preparation fuscin from dihydrofuscin 


When suspensions dihydrofuscin buffer solutions 
pH8 below are aerated. there little evidence 
oxidation. above oxidation rapid and appears 
accelerated concentrations FeSO, equal those 
present Czapek-Dox solution. The optimum conditions 
are follows. Dihydrofuscin was suspended 
sodium borate buffer solution, 9-2 (10 ml.), con- 
taining 0-1 ml. 0-1% solution. The di- 
hydrofuscin quickly dissolved with the formation dark 
purple solution which was vigorously aerated for hr., and 
acidified with The resulting orange flocculent pre- 
cipitate crystallization from ethanol, gave 
typical orange plates, m.p. 230° alone admixture with 
authentic fuscin. 


Compound fuscin with thioglycollic acid 


Thioglycollic acid 90%) was added 
solution fuscin (0-24 g.) water (20 ml.) and 
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(50 ml.). The initial purple colour disappeared once and 
pale yellow solution, 5-0, resulted. Four drops 
were now added and colourless needles quickly 
began crystallize. After chilling overnight they were 
collected, washed and dried; wt. 0-29 g., m.p. 193° after 
shrinking 120°. Recrystallization from hot 
water (60 ml.) yielded 0-13 colourless needles, m.p. 200°. 
(Found: (a) different samples crystals, m.p. 193°; 
52-8, 52-8; 5-8, 5-2; 8-2, 9-2; (b) crystals, m.p. 
compound slightly soluble cold and readily soluble 
hot water. also dissolves readily 
buffer, 8-0, colourless solution. When dissolved 
excess under conditions ensuring rigid 
exclusion O,, strong purple colour developed once, 
but attempts isolate fuscin, after acidification, failed. 
Much the substance was recovered unchanged. 
remarkably stable towards acids. Thus 0-2 suspended 
(20 ml.) was boiled under reflux for hr. 
atmosphere N,. The solution remained colourless and 
0-16 unchanged material, m.p. 200°, was recovered 
from the cooled solution. 


SUMMARY 


The preparation, from culture filtrates two 
different strains the microfungus Oidiodendron 
fuscum Robak, hitherto unreported mould 
product fuscin, orange plates, 
m.p. 230°, described. 

accompanied the culture filtrates its 
reduction product dihydrofuscin, C,;H,,0;, colour- 
less rhombic crystals, m.p. 206°. These two com- 
pounds, which are readily interconvertible, account 
for the greater part the antibacterial activity 
culture filtrates fuscum. 

The general properties fuscin and dihydro- 
fuscin are described. Fuscin has many properties 
suggestive quinonoid structure, and dihydro- 
fuscin those the corresponding quinol. 

Fuscin forms stable crystalline compound 
with thioglycollic acid, having the molecular formula 


The author offers his best thanks The Therapeutic 
Corporation Great Britain Ltd. for grant 
enabling him carry out this work, and 
Taylor, Department Physics, University Manchester, 
for the determination the molecular weight fuscin 
X-ray analysis. 


REFERENCES 


Adams, Shriner, (1923). Amer. chem. Soc. 
45, 2171. 

Anslow, Raistrick, (1938). Biochem. 32, 687. 

Ashley, Raistrick, (1938). Biochem. 32, 449. 

Ashley, Raistrick, Richards, (1939). Biochem. 
1291. 


Tidskr. 397. 

Posternak (1939). Soc. Phys. 56, 28. 

Robak, (1932). Nyt Mag. Naturv. 71, 185. 

Smith, (1946). Trans. Brit. mycol. Soc. 29, 232. 

Szilvinyi, von (1941). (2. Abt.), 103, 


34-2 


dio- 
ing 
ing 
the 
ing 
on, 
ere 
to 
cin 
ons 
unt 
id: 
ive 
tal 
his 
ns 
st 
lic 
lic 
it, 


Or 
bo 


MICHAEL 


1948 


Appendix. Antibacterial Activity Fuscin 


SIDONIE MARCUS 
Division Biochemistry, London School Hygiene and Tropical Medicine, University London 


METHODS 


sterile 2500 solution fuscin was prepared dis- 
solving fuscin (12 mg.) 0-1N-NaOH ml.) and diluting 
with sterile phosphate buffer ml. 7-0) and sterile 
water (25 ml.). The clear, intensely purple solution was 
mixed with equal volume sterile glucose broth, 
the the resulting solution being 7-6. Successive two- 
fold dilutions were made glucose broth giving range 
concentrations fuscin 1:5000, 1:10,000, 1:20,000 
1,280,000. All the bacteria listed Table were 
tested this medium except Vibrio cholerae, which case 
the glucose was omitted from the medium. The serial 
dilutions were quickly inoculated with loopful 
undiluted hr. culture the desired micro-organism. 
Growth readings were taken after hr. incubation 37° 
all cases except Corynebacterium diphtheriae (48 hr.) and 
the mycobacteria (72 hr.). 

sterile solution fuscin-thioglycollic acid was prepared 
dissolving mg. the pure crystalline compound 
(see 531) sterile water (50 ml.) and sterile 0-05m phos- 


phate buffer (10 ml. 7-0). The resulting almost colour- 
less solution, corresponding concentration 2500 
uncombined fuscin, was used for making serial dilutions 
sterile glucose broth. These were inoculated with 
ten species strains micro-organisms, incubated 37° 
and growth readings were taken after hr. 


RESULTS 


Fuscin. The growth all the eighteen species 
strains Gram-positive bacteria tested was com- 
pletely inhibited fuscin, concentrations varying 
from 1:80,000 1:1,280,000. the Gram- 
negative bacteria completely inhibited the growth 
six other species strains were only inhibited 
concentrations 1:5000 1:10,000, and was 
without appreciable effect Shigella flexneri Type 
sonnei, Salmonella paratyphi and Salm. 
enteritidis was completely active against 


Table Bacteriostatic power fuscin against two species strains Mycobacterium, 
eleven Gram-negative and eighteen Gram-positive micro-organisms 


Catalogue no. (National 


Collection Type 
Cultures London 


Limiting dilution 
for inhibition growth 


School Hygiene and 
Micro-organism Tropical Medicine) Complete Partial 
Salmonella enteritidis (Gartner) N.C.T.C. 125 5,000 
Shigella Type L.S.H. 5,000 
Escherichia coli L.S.H. 5,000 10,000 
Salmonella typhi 2128 5,000 
Proteus vulgaris N.C.T.C. 5887 5,000 10,000 
Shigella shigae N.C.T.C. 4837 10,000 
Salmonella typhi-murium 10,000 20,000 
Mycobacterium 525 10,000 20,000 
Myco. smegmatis 523 20,000 
Vibrio cholerae N.C.T.C. 1633 80,000 160,000 
Bacillus subtilis L.S.H. 80,000 160,000 
Staphylococcus aureus N.C.T.C. 4736 80,000 320,000 
Staph. aureus 3093 80,000 320,000 
Staph. albus 3256 80,000 320,000 
Corynebacterium diphtheriae gravis L.S.H. 160,000 640,000 
Staphylococcus aureus N.C.T.C. 3750 320,000 
Staph. aureus 4163 320,000 640,000 
Staph. aureus L.S.H. 320,000 640,000 
Bacillus anthracis 5444 320,000 640,000 
Corynebacterium diphtheriae intermedius L.S.H. 320,000 640,000 
diphtheriae mitis L.S.H. 320,000 1,280,000 
Staphylococcus aureus L.S.H. 640,000 1,280,000 
Staph. aureus 3095 640,000 1,280,000 
Streptococcus viridans 3166 640,000 1,280,000 
Strep. pyogenes Griffith Type 2432 640,000 1,280,000 
Bacillus anthracis L.S.H. 1,280,000 
Staphylococcus aureus 3761 1,280,000 
N.C.T.C. 2301 1,280,000 


Staph. citreus 
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Mycobacterium smegmatis concentration 
and Myco. phlei but was com- 
pletely inactive against unidentified species 
Mycobacterium not listed Table 

Fuscin-thioglycollic acid. The results obtained are 
summarized Table They indicate that, 
general, the conversion fuscin into its 
thioglycollic acid derivative caused remark- 
ably small change its antibacterial spectrum, 
Table 
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SUMMARY 


Fuscin somewhat powerful antibacterial 
substance, being particularly active against 
positive bacteria, but much less active sub- 
stantially inactive against mycobacteria and Gram- 
negative bacteria. 

The conversion fuscin into its thioglycollic 
acid derivative causes remarkably small change 
its antibacterial spectrum. 


Table Antibacterial activity fuscin-thioglycollic acid 


Limiting dilution 
for inhibition growth 
A... 


Micro-organism Catalogue no. Complete Partial 
Escherichia coli N.C.T.C. 5,000 
Proteus vulgaris N.C.T.C. 5887 5,000 
Vibrio cholerae N.C.T.C. 1633 20,000 
Bacillus subtilis L.S.H. 40,000 80,000 
Staphylococcus aureus N.C.T.C. 3093 40,000 160,000 
Staph. aureus L.S.H. 40,000 80,000 
Staph. aureus Oxford 160,000 320,000 
Staph. aureus L.S.H. 160,000 320,000 
Bacillus anthracis 5444 640,000 1,280,000 
L.S.H. 640,000 1,280,000 


Corynebacterium diphtheriae mitis 


Metabolism Fluorene the Rabbit 


NEISH, Department Pathology and Cancer Research Laboratories, University Sheffield 


(Received May 1948) 


The metabolism the hydrocarbon fluorene does 
not appear have been examined previously, 
although the compound has been investigated for 
carcinogenic activity skin-painting experiments 
with mice (Bloch, 1922, quoted Kennaway, 1930; 
Twort Fulton, 1930) and more recently feeding 
experiments with rats (Wilson, Eds Cox, 1947). 
The results these experiments led the con- 
clusion that fluorene not carcinogenic. The high 
carcinogenic potency 2-acetamidofluorene now 
well established, may seen from the review 
Bielschowsky (1947), but the only publication which 
has appeared date concerning the metabolism 
this carcinogen that Bielschowsky (1945) who 
showed that the metabolite, 7-hydroxy-2-acetamido- 
fluorene, may isolated from the urine rats fed 

the course further studies the metabolism 
was made concerning the fate fluorene these 
animals with the primary object determining 
whether the reactive 9-methylene group this com- 
pound could undergo any change during thé passage 


the hydrocarbon through the animal body. This 
work might lead better insight into the meta- 
bolism the related amine carcinogen. was also 
interest see fluorene metabolized rabbits 
according the hydroxylation mechanism which 
has been found play part the detoxication 
number carcinogenic and non-carcinogenic 
polycyclic hydrocarbons. Adequate reviews this 
detoxication mechanism have been given Boyland 
Weigert (1947) and Williams (1947); only one 
example will quoted here. Young (1947) found 
that the urine from rats ingesting naphthalene con- 
tained the diol, 1:2-dihydroxy-1:2-dihydronaph- 
thalene, which yielded «-naphthol mild acid 
hydrolysis, and Bourne Young (1933) showed that 
naphthalene man and dog gave rise «-naphthol 
and the glucuronide this compound. These results 
are accord with the views Fieser (1941) that 
the detoxication reaction involves primarily the 
addition the elements hydrogen peroxide the 
hydrocarbon molecule perhydroxylation re- 
action giving rise diols which are usually unstable 
and which pass over into phenolic compounds 
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loss water from the diol grouping. With regard 
the positions the hydrocarbon nucleus which 
vivo hydroxylation occurs the interesting obser- 
vation was made Berenblum Schoental (1943) 
and dibenzanthracene are 
metabolically attacked (hydroxylated) points 
where sulphonation these occurs 
vitro, and Bielschowsky showed that this rule 
applied which metabolized 
rats the 7-hydroxy compound, 2-aminofluorene 
being sulphonated vitro position according 
Courtot (1930). 

Although evidence has been found that the 
reactive methylene grouping fluorene attacked 
vivo has been shown that 2-hydroxyfluorene and 
compound which analyzes correctly the glucu- 
ronide this phenol can isolated from the urine 
rabbits ingesting fluorene. 


EXPERIMENTAL 


Materials and methods. The fluorene sample employed 
this work was obtained crystallizing commercial 
preparation from ethanol. melted 113°. For 
experiment which 2-hydroxyfluorene was fed 
rabbit, this phenol (m.p. 168°) was prepared from 2-amino- 
fluorene according the method Diels (1901). 

The detection and identification fluorene derivatives 
occurring the urine rabbits ingesting fluorene com- 
pounds was facilitated means sensitive colour 
reactions given traces fluorene derivatives when 
these are treated with drops solution 
aminobenzaldehyde w/v) cone. H,SO,. These colour 
reactions are described the text and the use the 
reaction will discussed more fully another communi- 
cation. All melting points are uncorrected. Carbon and 
hydrogen analyses were carried out Drs Weiler and 
Strauss (Oxford). 


RESULTS 


Tolerance the rabbit fluorene. female rabbit 
which had not been used for any other experiment 
was maintained stock diet consisting oats 
part), sharps part), bran parts) and milk 
powder parts). The animal received g./day 
this diet which was incorporated 
fluorene, the diet being mixed thoroughly with the 
addition water. 100 cabbage was fed daily. 
The animal received 1-5 fluorene (at 250 mg./ 
day) and days after this experiment received 
fluorene the same dosage level/day. The 
animal gained weight over the period the 
experiment. 

another experiment which male rabbit 
(initial weight, 2120 g.) was fed fluorene the level 
250 mg./day 70g. stock diet for con- 
secutive days increase body weight 400 was 
observed over this period. The animal appeared 
good health and months after the end the 
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experiment weighed 2450 would appear 
then that rabbits tolerate fluorene well and that 
ingestion the compound for short periods 
least has serious effect the health the 
animals. 

The animals receiving fluorene were kept 
metabolism cages, the urine being collected daily 
and preserved with chloroform refrigerator. The 
urine contained appreciable amounts phosphate 
and gave positive Tollens test for glucuronic acid. 
When several drops the urine were placed 
depression white tile and treated with 
0-25 ml. p-dimethylaminobenzaldehyde reagent 
bright purple-pink coloration developed which soon 
changed green standing. This colour reaction 
indicates the presence fluorene derivatives, 
normal rabbit urine giving purple colour with the 
reagent. 

Isolation 2-hydroxyfluorene. experiment 
which 1-75 fluorene was fed rabbit the 
rate 250 mg./day, 900 ml. urine were collected. 
The urine, which was alkaline, was divided into three 
portions 300 ml., each which was extracted five 
times with 100 ml. ether. obtain satisfactory 
separation, the ether-urine emulsions were centri- 
fuged and the combined ether extracts were dried 
over anhydrous Na,SO,. The ether extract was con- 
centrated ml., poured into small flask con- 
taining about ml. water and the flask 
carefully until all the ether had been expelled. Solid 
material separated giving purple coloration when 
treated with drop (w/v) p-dimethylamino- 
benzaldehyde concentrated sulphuric acid. The 
same colour reaction was given synthetic 
hydroxyfluorene. The solid product was filtered and 
dried the pump. was then shaken thoroughly 
with cold dilute caustic soda solution dissolve 
much the product possible, and filtered. The 
dark coloured filtrate was acidified with concen- 
trated hydrochloric acid and the resulting crude 
brown precipitate was washed with water and dried 
37°. This product was 
several times from water the presence activated 
charcoal, and white substance was 
obtained which, after drying, had m.p. 
and mixed m.p. 168° with sample synthetic 
2-hydroxyfluorene. (Found: 85-53; 5-64. 

About mg. biosynthetic 2-hydroxyfluorene 
was dissolved dilute NaOH and the solution 
treated with drop sulphate. The white 
precipitate which appeared after time was collected 
and crystallized from ethanol-water. melted 
mixed m.p. 104° with 2-methoxyfluorene 
m.p. 104° (Werner, 1902, gives prepared 
treating synthetic 2-hydroxyfluorene with di- 
methyl sulphate. Both specimens methoxy com- 
pound gave the same ink-blue coloration when traces 
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were treated with drop p-dimethylamino- 
benzaldehyde reagent. The colour developed 
quite distinct from the purple colour given 
2-hydroxyfluorene this test. Pure samples 
2-hydroxyfluorene and 2-methoxyfluorene gave 
colour reaction with concentrated H,SO, only. 

Isolation glucuronide. The urine which had 
been freed from 2-hydroxyfluorene ether ex- 
traction was acidified with concentrated hydro- 
acid, about ml. acid being added 
300 ml. urine (slightly more acid than required 
make the urine acid Congo red). Ether ex- 
traction was performed described for the alkaline 
urine, but the extraction was incomplete since ether- 
soluble orange-coloured material could still 
obtained further extraction the urine with 
ether. The ethereal extract was orange-red colour 
and after removal the ether dark red oil was 
obtained. small amount this oil gave good 
Tollens reaction for glucuronic acid. The red oil was 
suspended about water and the sus- 
pension boiled the presence activated charcoal. 
cooling the filtrate, white needles separated. 
After two more crystallizations this material 
from water, the colourless filtrate yielded fine long 
white needles cooling. This product, which gave 
positive reaction for glucuronic acid, was dried 
37° overnight. melted The com- 
pound analyzed the dihydrate fluorene-2- 
glucuronide 


(Found: 58-1: 5-57. requires 
57-84; 5-63%.) After drying vacuo 100°, 
anhydrous 
(Found: 62-36; 5-46. requires 
63-66; 5-07 %.) When traces the material were 
treated with drop concentrated sulphuric acid 
the crystals became dark green, and after mixing 
with glass rod black particles were observed 
pale green solution. With drop p-dimethyl- 
aminobenzaldehyde reagent the crystals became 
bright purple-blue (reminiscent the purple solu- 
tion given 2-hydroxyfluorene with the aldehyde 
reagent) finally yielding black particles pale 
purple sulphuric acid medium. 

Continuous extraction acid urine. Very satis- 
factory yields the glucuronide were obtained when 
300 ml. acidified urine (previously extracted when 
alkaline remove 2-hydroxyfluorene) were sub- 
jected continuous extraction with ether 
Kutscher-Steudel apparatus. After several hours, 
long white needles separated the walls the 
extraction flask just above the level the boiling 
ether, and within hr., quite large amount 
fairly pure glucuronide was obtained. The product 
was removed from the flask and after one crystal- 
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lization from water and drying overnight 37° was 
obtained fine long white needles melting 
The yield pure compound was 100mg. 
slightly soluble ethanol, and quite soluble 
dilute sodium carbonate. drying vacuo 100° 
0-255 mg. (6-5% Theoretical loss for 
for 2H,O, 9-1%. The compound analyzed 
After drying constant weight vacuo 
100°, fluorene-2-glucuronide was obtained. (Found: 
The compound appears have low 
specific rotation. ml. solution the glucu- 
ronide dihydrate mg./ml.), prepared dissolving 
the glucuronide solution sodium carbonate 
containing sufficient alkali form the monosodium 
salt, gave dm. tube very small laevorotation 
There can little doubt that the com- 
pound the dihydrate the glucuronide 
hydroxyfluorene which thought the 
hydroxy compound. Unsuccessful attempts have 
been made isolate this phenol from the products 
acid hydrolysis the glucuronide. thought 
that hydrolytic products the glucuronide are 
condensing with hydroxyfluorene the 9-methylene 
group thus preventing isolation the hydroxy- 
fluorene. 


note the metabolism 2-hydroxyfluorene 
the rabbit 


hydroxyfluorene for comparison with the glucuronide 
isolated from the urine rabbits ingesting fluorene, 
was decided examine the metabolism 
fed the level 250 mg./day 
70g. stock diet amale rabbit. The animal tolerated 
the material well and the course days, during 
which time ingested 2-5 2-hydroxyfluorene, 
steadily gained weight from 1670 1840 
Five days after the experiment was terminated the 
rabbit weighed 1980 The urine from this animal 
gave positive Tollens reaction and when 0-25 ml. 
urine was treated with 0-25 ml. p-dimethyl- 
aminobenzaldehyde reagent the bright purple colour 
characteristic 2-hydroxyfluorene was obtained. 
With conc. H,SO, only the urine gave coloration. 
2-Hydroxyfluorene could isolated readily from 
the alkaline urine ether extraction, but solid 
glucuronide separated from the acidified urine 
cone. hydrochloric acid/300 ml. urine) submitted 
continuous extraction with ether. The ether extract, 
however, gave positive reaction for glucuronic 
acid. would appear that 2-hydroxyfluorene 
excreted for the most part unchanged. Certainly 
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there very little conjugation with glucuronic acid. 
The urine was not examined for the presence 
ethereal sulphates. 


note the occurrence fluorene faeces 


About faeces were collected from rabbit 
which was receiving 250 mg. fluorene/day. The faeces 
were allowed dry room temperature for several 
days and then ground powder with equal 
weight anhydrous sodium sulphate. The powder 
was ground under ether repeatedly and after each 
extraction the ether was filtered off, the combined 
ethereal extracts concentrated, dried over anhydrous 
sodium sulphate and evaporated dryness. The 
dark green residue was taken light petroleum 
(b.p. and chromatographed activated 
alumina (British Drug Houses product). All pig- 
ments remained the column and the petroleum 
ether eluate was colourless. drop this eluate 
was allowed evaporate glazed white tile and 
the residue treated with drop p-dimethylamino- 
benzaldehyde reagent. bright-pink colour very 
like that given fluorene developed. colour 
appeared when similar experiment was carried out 
using instead drop concentrated sulphuric acid. 
Several other experiments were carried out with 
faeces collected different times and whilst the 
light petroleum extract sometimes gave positive 
reaction for fluorene, other occasions did not. 
concluded that little any fluorene excreted 
the faeces, the positive reaction for fluorene some- 
times observed being due probably contamination 
the faeces with the hydrocarbon from the food. 
The reaction for fluorene extremely sensitive; 
little may detected readily. 


DISCUSSION 


The metabolites obtained from the urine rabbits 
ingesting fluorene are 2-hydroxyfluorene and the 
glucuronide Datarelating the yields 
these metabolites were accidentally destroyed 
that only rough estimate the recoveries can 
made. the urine collected from rabbit which 
had ingested 1-75 fluorene about mg. pure 
2-hydroxyfluorene was obtained, and continuous 
extraction with ether the acidified urine yielded 
approximately 400-500 mg. pure glucuronide 
(computed from recoveries obtained from fractions 
the total urine). Both metabolites were isolated 
the above proportions from the separate urines 
two rabbits ingesting fluorene. Little any un- 
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changed fluorene excreted the faeces and this 
appears agreement with the work Chang 
(1943), who showed that only small amounts the 
simple hydrocarbons such naphthalene and 
phenanthrene are eliminated the faeces rats 
receiving these compounds, whereas considerable 
amounts the more complex hydrocarbons such 
methylcholanthrene are excreted this route. 

The metabolism the hydrocarbon follows the 
rule stated Berenblum Schoental (1943) (and 
confirmed Bielschowsky (1945) for the case 
2-acetamidofluorene) that the site biological 
hydroxylation that which sulphonation occurs 
vitro. Courtot Geoffroy (1924) showed that 
acid the first product 
sulphonation the hydrocarbon vitro. 

possible that 2-hydroxyfluorene arose from 
diols during the isolation the compound from the 
urine, although the crude solid extract after de- 
colorization charcoal was found optically 
inactive, whereas diols fluorene, present, would 
expected show optical activity. 

With regard the tolerance the rabbit 
fluorene interesting note that Wilson al. 
(1947) found that groups rats maintained diet 
containing fluorene the levels for 
106 days were good health after 453 days and 
autopsy they showed signs gross tissue damage. 
The growth rate rats receiving fluorene con- 
centrations was impaired, but the health 
these animals appeared good. 


SUMMARY 


Two metabolites fluorene have been isolated 
from the urine rabbits, viz. 2-hydroxyfluorene 
and compound which analyzes correctly for the 
glucuronide this phenol. This further example 
the biological hydroxylation hydrocarbon 
taking place the point which sulphonation 
vitro. 

Little any fluorene eliminated the faeces 
and metabolites the hydrocarbon have been 
detected these. 

2-Hydroxyfluorene fed rabbit appears 
excreted largely unchanged. 

Fluorene and 2-hydroxyfluorene are well 
tolerated the rabbit. 


wish express best thanks Prof. Green 
for his interest this work and Westrop for 
carrying out some the experimental work. The work was 
supported grant from the British Empire Cancer 
Campaign. 
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Determination the Arginase Activities Homogenates Liver and 
Mammary Gland: Effects and Substrate Concentration 
and Especially Activation Divalent Metal Ions 


National Institute for Research Dairying, University Reading 


(Received February 1948) 


our previous studies the arginase activities 
certain tissues the rat (Folley Greenbaum, 
1946, used reaction periods min. and 
hr. for homogenates liver.and mammary gland 
respectively, and assessed the activities the homo- 
genates terms our min. hr. arginase 
units from enzyme calibration curves. Arginase 
undergoes inactivation alkaline values 
(Hunter Morrell, 1933a), factor particularly 
serious methods involving long reaction periods. 
Nevertheless, feel confident that our previous 
findings regarding changes the arginase activity 
the mammary gland under various conditions are 
valid, since all values were read from calibration 
curve which not only was reproducible with different 
mammary-gland homogenates, but also agreed with 
obtained for one these homogenates the 
presence Co** (see Fig. 1). The significance the 
latter agreement not lessened our present belief 
(see later section) that the effect under these 
conditions was mainly inhibit reversible inacti- 
vation due dissociation the enzyme system. 
However, the use different units for liver and 
mammary-gland homogenates was hardly practic- 
able for further studies involving comparison 
arginase activities these tissues the same animal, 
since the comparison can only made the quanti- 
tative relationship between the two units known, 
and while the highly active liver homogenates can 
assayed both methods, the high dilution necessary 
for the hr. method favours dissociation the 


20 hr. arginase units 


2 § 10 12 14 16 18 20 24 26 10 


Decomposition of substrate (%) 


Relative dilution of homogenate 


Fig. Calibration curve (circles) for the determination 
arginase mammary-gland homogenates the method 
Folley Greenbaum The bottom curve (black 
dots) represents the arginase activities various 
tions homogenate less active than the one used for 
the construction the calibration curve; the top curve 
(triangles) represents the arginase activities corre- 
sponding dilutions the same homogenate the pre- 
sence The upper horizontal (20 hr. arginase 
units) refers only the central curve, which the other 
two sets points have been fitted appropriate ad- 
justment their horizontal scales, i.e. transformation 
their abscissae into hr. arginase units. will seen 
that the bottom curve gives very satisfactory fit the 
standard calibration curve, while the greater part the 
top curve provides extension (broken line) it. 
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metal-enzyme with consequent loss activity the 
outset. addition, wished investigate the 
activation the arginase mammary-gland and 
liver homogenates certain divalent metal ions. 
Here again, methods involving prolonged hydrolysis 
are unsuitable, since, the supposed activating 
agent merely protects the enzyme against inacti- 
vation, will apparently increase its activity. For 
these two purposes require, therefore, method 
applicable homogenates with widely different 
activities, yet employing short reaction period 
that approximate initial velocities are measured. 


The sensitive colorimetric reagent for urea described 
Archibald (1945), and applied Van Slyke Archibald 
(1946) the determination arginase activity, was the 
best basis for method allowing the estimation approxi- 
mate initial reaction velocities for tissues with such widely 
different activities liver and mammary gland. The ad- 
vantages colorimetric method for carrying out number 
determinations simultaneously are obvious, and 
better determine liberated urea rather than residual 
arginine, not only because the remote possibility that 
arginine may decomposed enzymes other than argi- 
nase without the liberation urea (see Van Slyke 
Archibald, 1946), but also because the relative changes 
arginine, for short reaction periods, are very small. Whilst 
have reason believe that our earlier experiments 
(Folley Greenbaum, which considerable pro- 
portions the substrate were hydrolyzed, were affected 
errors due either these factors, have now adapted 
the photometric method Van Slyke Archibald (1946) 
for use with our tissue homogenates. 


The and substrate concentration- 
activity relationships under our conditions have been 
determined, and also the activation the arginase 
homogenates Mn** and Co**. The results show 
that better activator than Co** and that 
the enzyme exists the tissues easily, but 
reversibly, dissociable manganese-protein complex 
which may not always fully activated. 


EXPERIMENTAL 


Tissue homogenates. Homogenates liver and lacta- 
ting mammary gland rats were prepared described 
previously (Folley Greenbaum, with the homogen- 
izer Folley Watson (1948). Tissues were homogenized 
for min. room temperature, liver with vol. saline 
(0-9% NaCl) and mammary gland with vol., the larger 
dilution being necessitated the limited amount gland 
usually available and the dimensions the homogenizer. 
The amount mammary tissue available from one rat 
restricted since only the ‘abdominal’ (i.e. the two abdominal 
and four inguinal) glands, and not the thoracic glands, which 
are much more richly interlaced with strands muscle and 
connective tissue, were used. The tissues were dissected out 
and homogenized rapidly possible, and the enzyme 
determinations always started within min. the death 
the rat, which was killed dislocation the spine. 

much this work was found convenient carry 
out activity determinations liver homogenates further 
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diluted 1:20 with saline ml.=5 mg. fresh tissue), whilst 
mammary gland homogenates were used undiluted ml.= 
mg. fresh tissue). For activity determinations involving 
only min. hydrolysis, liver homogenates were further 
diluted only 1:8 ml.=12-5 mg. fresh tissue). 

Preparation reagents. The urea reagent Archibald 
(1945) was synthesized the 
method Claisen Manasse (1889). Yield, 75%; 
after recrystallization from hot water, (uncorr.). 
The substrate used throughout was L-arginine monohydro- 
chloride, prepared from gelatin the method (1) Brand 
Sandberg (1932). 

Determination enzyme activity. The method finally 
adopted, the basis the present results, for routine 
determination the arginase activity tissue homo- 
genates differs from that Van Slyke Archibald (1946) 
mainly that use higher reaction temperature (37°) 
and lower substrate concentration the latter 
being just sufficient give the maximum initial velocity 
our (optimal) 9-45. 

The reaction mixture consists ml. (w/v) 
L-arginine monohydrochloride (titrated 9-45 37°), 
1-25 ml. glycine buffer (pH 9-45 37°) and 0-3 ml. 
suitably diluted homogenate. The buffer-substrate pre- 
heated 37° the thermostat, whilst the homogenate, 
which best kept room temperature contains 
added diluted necessary the required degree 
with saline 37° immediately before mixing with the buffer- 
substrate. The reaction stopped after given time (usually 
min.) the addition 0-95 ml. freshly prepared 30% 
(w/v) and the precipitate protein filtered off after 
min. room temperature. Thereafter the colour de- 
veloped described Van Slyke Archibald (1946), 
filtrate being used and the colour measured Miller 
photoelectric absorptiometer (Ilford spectrum green filter 
no. 604), usually with cell or, with intense colours, 
0-5 cm. cell. enzyme blank set and treated 
exactly the same way, except that the HPO, added 
before the homogenate. The arginase unit now defined 
that quantity enzyme which, under the conditions 
specified above, liberates urea (0-06 mg.)/min. 
37° and 9-45 from concentration. 

the fully activated arginase activity required, 
cient solution give final concentration mg. 
homogenate pipetted into test tube and 
taken dryness. The requisite amount homogenate, 
necessary (e.g. with liver homogenates) diluted ready for 
enzyme determination, then added and incubated 37° 
for These conditions have been found give full 
activation (see later section). Alternatively, the tissue can 
homogenized with saline containing the correct concen- 
tration Mn++, and any subsequent necessary dilution 
carried out with saline containing the 
presence Mn++ (or under these conditions, fine 
flocculent precipitate formed the homogenate, removal 
which would almost certainly result loss enzyme 
activity (see, e.g., Hunter Downs, 1944). This precipitate 
can uniformly dispersed vigorous shaking just before 
pipetting. 

recommend min. hydrolysis period for routine use, 
except for relatively inactive homogenates, though the 
present work have often used min. Periods longer 
than min. are neither necessary with this technique, nor 
desirable, inactivation the enzyme during the run 
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minimized. The method is, however, sufficiently sensitive 
allow further reduction min. with liver homogenates 
desired; however, beyond this point random errors 
measurement time assume undue importance. 

Investigations described later show that with reaction 
periods either min., more than about the 
substrate hydrolyzed, the observed urea production 
longer linearly related the enzyme concentration and 
enzyme calibration curve must used, whereas below this 
limit the arginase units can arithmetically calculated. 
The reaction period (max. min.) and the dilution the 
homogenate should therefore chosen accordingly. 
recommended that for min. reaction periods more than 
300 units (=0-66% hydrolysis min.) 
taken. 


Liver homogenate 
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Fig. Arginase reaction-velocity curves for various dilu- 
tions rat-liver homogenate, with and without added 
The reaction conditions were follows: tempera- 
ture 37°, 9-45, substrate concentration The 
dilution the original homogenate used for each experi- 
ment indicated near the relevant curve. 


According Van Slyke Archibald (1946) arginine 
diminishes the colour arising from the reaction between urea 
and and this have confirmed. 
accordingly necessary correct for this and any inter- 
ference with the colour development which may due 
other components the hydrolysates. Accordingly, gal- 
vanometer converted into mg. urea reference 
standard curve constructed from measurements 
series mock hydrolysates containing known amounts 
urea and appropriate amounts all other components. 
Correction for the possible interfering effects substances 
present tissue homogenates obviously impractic- 
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able, and such effects are almost certainly negligible. 
Separate standardization curves for experiments which 
(or are added the homogenates are necessary 
intensifies the colour), and were constructed 
similar way. All our galvanometer curves were linear. 
Van Slyke Archibald (1946) imply that the (9-5), 
which they recommend for routine arginase activity deter- 
minations, slightly the acid side the optimum for 
liver enzyme, and they give reasons why they prefer 
work this rather than 9-7, which, they state, 
arginase may slightly more active. The specify for 
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Fig. Arginase reaction-velocity curves for various dilu- 
tions rat mammary-gland homogenate, with and 
without added The reaction conditions were 
follows: temperature 37°, 9-45, substrate concentra- 
tion The dilution the original homogenate used 
for each experiment indicated near the relevant curve. 


routine determinations slightly more acid than that used 
Van Slyke Archibald, but is, nevertheless, the opti- 
mum for the enzyme both liver and mammary-gland 
homogenates. However, the increased stability the 
enzyme the acid side the optimum (Hunter Morrell, 
made desirable carry out parallel studies 
lower pH, particularly since number authors (Hunter 
Dauphinee, 1930; Lightbody, 1938; Kochakian, 1944; 
Hunter Downs, 1944; Folley Greenbaum, 1946, 
have described arginase activity methods involving hydro- 
lysis the acid side the optimum. For activity 
determinations 9-1, the lower adopted, used 
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substrate final concentration, which our investi- 
gations (see later section) indicated the optimal concen- 
tration this pH. 

Throughout, investigating the effect changes 
various conditions arginase activity, the hydrolyses were 
carried out basically above, but with appropriate modi- 
fications according the factor under study. 


RESULTS AND DISCUSSION 
Velocity arginase action 


Reaction-velocity curves, determined 9-45 and 
presence with and without 
added for various dilutions rat-liver and 
mammary-gland homogenates respectively, are 
given Figs. and neither case does any 
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Fig. Relation between arginase concentration and initial 
reaction velocity, calculated from the urea production 
the first min., for homogenates rat liver and mam- 
mary gland, with (black dots) and without (circles) 
added All experiments 37° and 9-45; 
substrate concentration 


reaction rate depart significantly from linearity over 
the first min., though inhibitory effects, probably 
due progressive inactivation the enzyme and 
the accumulation the inhibitory reaction pro- 
duct L-ornithine (Edlbacher Zeller, 1936), become 
apparent soon after. the runs with activated 
enzyme any progressive inactivation which occurred 
may assumed due the high alkalinity (see 
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Hunter Morrell, 1933a) and was presumably 
irreversible; the non-activated enzyme would also 
liable reversible inactivation due gradual 
dissociation the metal-enzyme (see later section). 

Thus for reaction periods about min. the 
amount urea produced given time pro- 
portional the initial reaction velocity. Since the 
enzyme was the presence excess substrate, 
may anticipated that initial reaction velocities 
will proportional enzyme concentrations, 
that for reaction periods min. the amounts 
urea produced should convertible simple 
calculation into arginase units without reference 
enzyme calibration curve, was found Van 
Slyke Archibald (1946) under their conditions. 
This indeed the case, provided more than about 
1-0 the initial substrate hydrolyzed (Fig. 4); 
the only curve which deviates appreciably from 
linearity that for liver homo- 
genate. Similar results were obtained 9-1 
presence though this case 
the upper limit substrate decomposition for pre- 
servation approximately linear relation be- 
tween enzyme concentration and urea production 
was 


velocity relationships 


investigating pH-activity relationships the enzyme 
activities were determined the standard method except 
that appropriate glycine buffers were used, and the sub- 
strate solutions titrated beforehand the requisite pH. 
For each value extra reaction tube was provided 
solely for determination the beginning and end the 
hydrolysis. case was any appreciable change 
observed during the reaction. All values were measured 
glass electrode 37°. 


Typical curves for homogenates liver and 
mammary gland from the same rat, determined 
presence are shown Figs. 
and the ordinates Fig. representing initial 
reaction velocities expressed percentages the 
maximum. These curves cover narrower range 
(particularly the acid side the optimum), but 
with smaller intervals than those commonly given 
the literature that they allow closer de- 
finition the optima than usual. 

The optima (substrate concentration 
for non-activated homogenates both tissues were 
essentially the same (pH Similar optima 
for liver arginase were reported Felix Schneider 
(1938) and for both liver and jack-bean enzyme 
Damodaran Narayanan (1940). For liver arginase, 
more alkaline optima were given Edlbacher 
Bonem (1925) (pH Hunter Morrell 
(pH 9-8) and Mohamed Greenberg (1945) 
(pH 10-0); and more acid optima Hino (1926) 
(pH Edlbacher Simons (1927) (pH 9-0) 
and Hellerman Stock (1938) (pH 8-0). The latter 
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value may compared with the value 9-0 given’ 
Stock, Perkins Hellerman (1938) for jack-bean 
arginase. Most the above mentioned studies were 
concerned with glycerol extracts liver with 
partially purified liver extracts, but differences 
among these results, and between many them and 
our own, may result from the dependence apparent 
optima many factors; hence there seems 
reason conclude that the pH-activity relationship 
for liver and mammary-gland homogenates differs 
any important respect from that purified pre- 


parations. 
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Fig. Activity-pH curves for arginase homogenates 
rat liver and mammary gland, with (black dots) and 
without (circles) added All experiments 37° and 
presence Reaction time min. 


Under our conditions, the optimum was un- 
changed maximal activation with (Figs. 
and 6), and fact, with the method plotting used 
Fig. the points corresponding activated and 
non-activated homogenates both tissues fall 
the same curve. this respect tissue homogenates 
appear differ from liver extracts crude extracts 
jack bean; for appreciable shifts the 
optimum more acid values the presence 
activating divalent cations have been reported 
Hellerman Stock (1938), Stock al. (1938), 
Damodaran Narayanan (1940) and Mohamed 
Greenberg (1945), whilst Hellerman Stock (1938) 
found that, though and moved the 
optimum the acid direction, Mn** had the 
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opposite effect. tempting, but perhaps un- 
justifiable this stage, conclude that since 
activation with does not affect the 
optimum the behaviour the enzyme our homo- 
genates more ‘natural’ than that purified 
enzyme preparations. any event, the fact that 
full activation causes appreciable change 
optimum under our conditions facilitates the de- 
velopment arginase assay applicable acti- 
vated and non-activated homogenates alike. 
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Fig. Activity-pH curves for arginase homogenates 
rat liver and mammary gland, with (black dots) and 
without (circles) added All experiments 37° 
presence Reaction time min. The 
ordinates represent initial reaction velocities expressed 
percentages the initial velocity the optimum pH. 


The pH-activity relationships the presence 
are shown Fig. which the 
ordinates represent percentages the maximum 
reaction velocity. With mammary-gland homo- 
genates activation with Mn** again had effect 
the optimum which, moreover, was unaffected 
the change substrate concentration. The 
optimum for the non-activated liver homogenate 
was now, however, slightly more acid (approx. 
that there some indication this 
case slight shift the optimum (0-1 pH) to- 
wards the alkaline side the presence Mn**. 
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The fact that approximately threefold decrease 
the substrate concentration had appreciable 
effect the optima somewhat surprising, 
since there evidence that for arginase changes 
with (Greenberg Mohamed, 1945). will 
shown the next section, the lower the two sub- 
strate concentrations used optimal 9-1 
(inhibition occurring the substrate concentration 


88 90 92 


Mammary gland 


Initial velocity maximum) 


88 90 92 94 96 98 10-0 


Fig. Activity-pH curves for arginase homogenates 
liver and mammary gland, with (black dots) and 
without (circles) added All experiments 37° and 
The ordinates represent initial reaction velocities ex- 
pressed percentages the initial velocity the 
optimum pH. 


increased), whilst 9-45 the velocity 
presence considerably less 
than the maximal. Thus would expected that, 
even there shift the optimal pH, the pH- 
activity curves the lower substrate concentration 
would show appreciably less curvature than those 
the higher substrate concentration. This the case 
for the liver homogenates, but rather surprisingly 
the reverse holds for mammary-gland homogenates 
Figs. and 7). 
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The relationships for the arginase 
tissue homogenates, any rate presence excess 
substrate, are fairly critical. Thus 9-1 and 
presence the velocity only 
about that 9-45. Since the curvature 
pH-activity curves may well vary among homo- 
genates from different animals, homogenates from 
different tissues the same animal (e.g. Fig. 7), 
tissue-arginase assays for purposes quantitative 
comparison should carried out the optimal 
and with adequate buffering prevent changes 
during the reaction. Furthermore, methods which 
involve hydrolysis the acid side the 
optimum should used with caution. 


Substrate concentration-reaction velocity relationships 


Reaction velocity-substrate concentration curves, 
determined 9-45, are shown Fig. these 
experiments was necessary correct for variable 
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Fig. between substrate concentration and 
enzyme activity for arginase homogenates liver and 
mammary gland, with (black dots) and without (circles) 
added All experiments 37° and 9-45. 


time min. 


effects the final urea colour widely different 
arginine concentrations. Each solution, before the 
colour was measured, was therefore brought 
standard arginine concentration suitable dilution 


‘with water appropriate arginine solution. There 
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was course still some possible error since the 
amounts urea, L-arginine and many 
these final solutions were longer equivalent, 
the galvanometer calibration curves require them 
be. However, this residual error may assumed 
too small justify the amount labour 
necessary eliminate it. 

The curves Fig. resemble that given Van 
Slyke Archibald (1946) that there sign 
inhibition high values substrate concentration 
(S), but they differ from reaching virtual 
maximum saturation value the neighbourhood 
while the curve Van Slyke 
Archibald continues, after the initial rapid increase, 
rise slowly The highest maximal 
velocity was attained activated liver homogenate 
(Fig. 8), and corresponds enzyme concen- 
tration approximately 460 may there- 
fore concluded that, the presence 
substrate, enzyme concentrations least this 
value are fully saturated the initial stages the 
reaction. were thus led specify final substrate 
concentration for our routine method 
arginase activity determination, being sufficient 
give maximum velocity with concentrations 
enzyme likely encountered under our con- 
ditions, while corresponding conveniently pre- 
pared substrate solution (8% w/v monohydro- 
chloride). 

very different type activity-S relationship 
was revealed the experiments (Fig. 9). 
Inhibition was now observed with high substrate 
concentrations that the curves show definite 
optima substrate concentration which 
the same for all. evident that, for arginase 
activity determinations the acid side the 
optimal pH, considerably lower substrate concen- 
trations should used than for methods employing 
the optimal pH. 

The change with the type activity- 
substrate concentration relationship exhibited 
arginase tissue homogenates interest, but 
explanation will attempted here. Damodaran 
Narayanan (1940), studying liver arginase, also 
found some indication inhibition with increasing 
substrate concentration. Their optimal substrate 
concentration was given 0-067M, value not very 
different from ours 9-1; but puzzling feature 
that their results were obtained 9-4, which 
not far from our optimal which inhibition 
high substrate concentration occurs. such 
inhibition apparent the results Greenberg 
Mohamed (1945), but their studies were not ex- 
tended into range sufficiently high substrate 
concentration for inhibition occur. 

Enzyme inhibition excessive substrate con- 
centrations fairly common phenomenon (see 
Haldane, 1930; Lineweaver Burk, 1934). Folley 
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Kay (1935) observed with unfractionated pre- 
parations mammary-gland and kidney alkaline 
phosphatase, and they found that their results could 
fitted passably well Haldane’s (1930) equation, 
derived the basis the following postulated 
reactions: H+S=ES (active); (in- 
active). Analysis our data for the Mn**-activated 
arginase homogenates mammary gland and 
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Relation between substrate concentration and 
enzyme activity for arginase homogenates liver and 
mammary gland, with (black dots) and without (circles) 
added All experiments 37° and Re- 


action time min. 


liver the methods Case Lineweaver 
Burk (1934) gave good agreement (see Fig. 10), over 
practically the whole range substrate concen- 
trations studied, with the postulated reactions: 
(active); (inactive). The 
values for (or K,,) are given Table together 
with those for non-activated homogenates 9-1. 
Whatever may the actual mechanism the sub- 
strate inhibition observed with arginase our ex- 
periments, and the above analysis does more than 
indicate possible mechanism consistent with the 
results, seems that, values acid the 
optimum but not the optimum itself, arginase 
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Table 


Values for various arginase preparations 


Determined 


= 


Enzyme preparation 
Rat-liver homogenate Mn** 
Rat-liver homogenate 
Rat-liver homogenate Mn** 
Rat-liver homogenate 
Rat-mammary-gland homogenate 
Rat-mammary-gland homogenate 
homogenate 
Rat-mammary-gland homogenate 
Dog-liver extract +Mn** 
Purified liver arginase 
Purified liver arginase 
Purified ox-liver arginase 
Rat-liver slices 
Glycerol extract rat liver 


or or 


Temp. (°) 


References 


0-0200 Present investigation 

0-0161 

0-0177 

0-0200 

0-0257 

0-0218 

0-0061 

Van Slyke Archibald (1946)* 

0-0118 Damodaran Narayanan (1940) 
Bach, Crook Williamson (1944) 


Calculated the method Lineweaver Burk (1934) from values read from published curve. 
Values read from apparently conjectural published curve showing relation between K,, and pH. 


i) 200 400 600 800 
$+ S4/K2 


Fig. 10. Analysis possible mechanism inhibition 
excessive substrate concentrations 
arginase rat-liver homogenate the method Case 
Lineweaver Burk (1934). the assumption 
that inhibition due the reactions (active); 
the slope the straight line drawn through the experi- 
mental points the upper graph. The dotted line line 
slope=4. Agreement with theory demands linear 
relationship between the functions plotted the lower 
graph. 


may exist, least partly, form which able 
combine with the substrate manner not con- 
ducive hydrolysis. 

Michaelis constants (pH 9-45) for activated and 
non-activated homogenates liver and mammary 
gland were evaluated graphically the method 
Case Lineweaver Burk (1934). Plots S/V 
against gave satisfactory linear relationships over 
the whole range studied (Fig. 11) agreement with 
the Michaelis-Menten theory, and confirming the 
apparent absence 9-45 inhibition ex- 
cessive substrate concentrations. The values for 
which, however, were far from constant, are 
given Table together with values given by, 
calculated from, the results previous investigators 
for comparison. The values ascribed Greenberg 
Mohamed (1945) read from what evidently 
conjectural curve showing function pH; 
that ascribed Van Slyke Archibald (1946) was 
evaluated the Lineweaver-Burk method from 
values took from their substrate concentration- 
activity curve. The values quoted from Bach, Crook 
Williamson (1944) were determined rat-liver 
slices and glycerol extract liver, but their 
curves are hardly complete enough justify their 
use for simple, direct graphical reading 


Activation with divalent metal 


Relative activating effects Mn** and our 
studies the activating effects Co** (cf. Heller- 
man Perkins, 1935; Hunter Downs, 1944; 
Mohamed Greenberg, 1945) relatively small acti- 
vation effects were observed, rather surprisingly, 
when homogenates were incubated 37°, and 
other workers (e.g. Mohamed Greenberg, 1945) 
suffice for maximal activation. 
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Experiments which the degree activation 
was measured after various periods incubation 
37° with showed that, whilst the activity 
both liver and mammary-gland homogenates con- 
taining added Co** progressively fell after pre- 
paration, even room temperature, the inactivation 
was retarded, not completely prevented, the 
presence some experiments the addition 
Co** raised the activity slightly above its original 
value; others the activity homo- 
genates showed progressive fall, but slower and 


S/V (liver curves) 
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Fig. 11. Linear relationship 9-45 between S/V and 
for the arginase rat-liver and mammary-gland homo- 
genates; S=substrate concentration; =initial reaction 
velocity. 


lesser degree than with untreated homogenates. 
one exceptional experiment, addition Co** pro- 
duced unequivocal, though not very striking, 
increase activity. typical experiment illus- 
trated Fig. 12. Clearly, under our conditions, Cott 
does little more than protect the enzyme against 
progressive inactivation. thus have reasonable 
explanation the apparent activating effect Co** 
homogenates mammary gland (e.g. Fig. 
contrast the almost complete lack effect 
liver homogenates, observed unpublished pre- 
liminary experiments with our previous method 
determination arginase activity (Folley Green- 
baum, Considerable inactivation the type 
just discussed would occur during the hr. hydro- 
lysis 37° used for mammary-gland homogenates, 
and Co** prevented retarded this process there 
would apparently appreciable activation; this 
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factor would, however, not important the 
min. hydrolysis used for liver homogenates. 

contrast the lack effect with Co**, another 
activator, Mn** (Klein Ziese, 1935), was found 
exert striking activating effect homogenates 
liver and mammary gland alike, much which 
rapid (Fig. 12) appear practically instantaneous 
the methods used. 


o 


Initial velocity reacting solution) 


Time (min.) 


Fig. 12. Effect the activity the arginase rat-liver 
homogenate, after dilution 1:200 with saline, incuba- 
tion 37° for various periods (a) the presence mg. 
(black dots), (6) mg. Co++/ml. (half dots) and 
(c) the absence added divalent metal ions (circles). 
All activity determinations were carried out 37° and 
9-45; substrate concentration 0-227M; reaction time 
min. 


view the marked and quite unexpected difference 
thus revealed between the activating effects and 
Cot+ the arginase tissue homogenates, and order 
eliminate the possibility that this might not hold under 
other conditions, seemed desirable investigate the 
activating effects Mn++ and over wider range 
conditions. Accordingly, factorial experiments (each set 
duplicate) were devised enable the effect incubating 
homogenates for different times with various concentrations 
each cation studied. each two such experi- 
ments liver and mammary tissue from lactating rat were 
homogenized, and portions each homogenate once 
suitably diluted, each time the same degree, with saline 
containing appropriate amounts MnSO, CoCl,. The 
dilutions were forthwith incubated 37°, and samples 
from each taken appropriate times for enzyme determi- 
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nation, one experiment 9-45 and the other 
9-1. not possible show the results graphically, 
since the set expressing the effect given cation 
given homogenate can only graphically represented 
three-dimensional surface. The results the experiment 
which the enzyme activities were determined 9-45 
are, thérefore, given Tables and They define the 
conditions for maximal activation the enzyme homo- 
genate and 37° homogenates both tissues. All the 
experiments arginase activation described this paper 
were carried out homogenate pH, i.e. Mohamed 
Greenberg (1945) found that the rate activation their 
purified arginase increased with rising pH; 
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prefer, however, specify conditions for maximal activa- 


tion homogenate because the greater stability 
the enzyme protein neutral reactions. 


confirmation the previous results Fig. 12, 
Tables and show beyond doubt that 
more effective activator the arginase our 
tissue homogenates than the effect which 
negligible comparison. These results confirm the 
previous finding that much the effect Mn** 
rapid appear instantaneous with the methods 
used. 


Table Effect concentration Mn** and time incubation 37° with Mn** 
the arginase activity rat-liver homogenate 


(The values given are initial velocities (umol. reacting solution) determined 37° and 9-45; substrate 
concentration reaction time min. Values marked correspond full activation.) 


Final concentration added (mg./ml.) 


Time 
presence 
(min.) Initial velocities 
36-5 83-7 88-9 94-7 100-5 104-2 
31-4 90-5 93-2 97-9 103-4 110-0 111-2 
26-8 96-1 102-0 108-1 111-2 116-3 
20-0 102-2 114-2 123-3* 124-8* 
18-9 108-1 111-4 115-8 121-4 124-8* 123-3* 
18-5 111-2 123-3* 123-3* 123-3* 124-8* 
Time Final concentration added (mg./ml.) 
presence 
37° 0-5 2-0 2-5 3-0 
(min.) Initial velocities 
31-4 34-6 35-2 41-1 41-8 
26-8 29-8 30-4 32-2 32-8 33-5 34-1 
18-9 21-1 22-0 27-0 27-6 27-6 27-0 
19-4 20-0 23-1 23-1 23-1 


the arginase activity rat mammary-gland homogenate 


(The values given are initial velocities (umol. reacting solution) determined 37° and 9-45; substrate 
concentration reaction time min. Values marked correspond full activation.) 


Time Final concentration added Mn** (mg./ml.) 
presence 
37° 0-5 1-0 2-0 3-0 
(min.) Initial velocities (umol. 
60-7 136-8 152-7 164-1 190-8 188-4 
144-2 161-0 163-5 181-2 205-5 208-5 
54-1 153-0 165-1 167-8 192-9 210-0 216-5 
158-8 170-6 172-4 206-1 215-0 218-3* 
51-1 164-0 174-0 177-8 215-4 218-2* 217-5* 
49-6 169-4 175-8 182-4 219-3* 218-8* 216-5* 
Time Final concentration added Co** (mg./ml.) 
presence 
(min.) Initial velocities 
60-7 65-1 66-1 68-0 68-0 68-3 68-0 
63-3 64-6 67-0 66-8 66-7 67-0 
61-7 63-3 66-1 66-3 66-1 
50-8 62-4 64-6 65-9 67-1 
62-4 65-2 66-1 67-1 
49-6 63-0 65-6 67-1 67-6 
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These findings perhaps indicate that the 
actual metal component the enzyme system its 
‘native’ state. seems possible that the ‘native’ 
enzyme protein almost specific its requirements 
regards the metal component, while purifi- 
cation becomes increasingly less specific, that 
active arginase can constituted addition 
the partially purified protein other divalent metal 
ions such and Thoai, Roche 
Roger (1947) have found that alkaline phosphatase, 
which was once regarded almost 
specific activator (e.g. Folley Kay, 1936), can 
reactivated after purification and dialysis 
number divalent metal ions. any event, our 
findings indicate that homogenates are used. 
for studying changes the fully activated, what 
for the present may termed the ‘potential’, 
arginase activity tissues, necessary use 
Mn** for the activation process rather than Co*t 
which has been favoured many investigators 
tissue-arginase changes (e.g. Kochakian, 1944). The 
significance studies changes tissue-arginase 
activity with added activator would seem 
somewhat doubtful. 

The progressive inactivation the enzyme 
these experiments, and which also proceeds 
appreciable rate room temperature, probably 
due the effects dilution (see also Van Slyke 
Archibald, 1946). Dilution the tissue enzyme 
systems inevitable accompaniment homo- 
genization, irrespective any subsequent dilution 
necessary (e.g. with liver homogenates) make the 
enzyme concentration suitable for activity measure- 
ments. Such dilution may assumed cause 
gradual dissociation the metal-protein complex 
apparently forming the enzyme system (see Heller- 
man Stock, 1938). This concept seems sup- 
ported our finding that this inactivation re- 
versible, that not only can the original activity 
which has undergone considerable inactivation due 
keeping either room temperature 37°, but 
also the activity can thus raised the higher level 
characteristic full activation. 

Kinetics dissociation inactivation and re- 
activation The dilution homogenates 
during preparation makes necessary decide 
what relationship exists between arginase activities 
homogenates, and (a) the actual concentration 
the enzyme-protein the tissues, and (b) the pro- 
portion which combined with Mn** thus 
constituting the active enzyme system (degree 
activation). These are clearly questions consider- 
able importance. 

attempt throw light this problem, the 
kinetics dilution inactivation the arginase 
tissue homogenates, and its reactivation Mn** 
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were studied more refined technique made 
possible the increased sensitivity our new 
method arginase activity determination. 

Experiments were carried out which rat liver was 
homogenized min.) three portions. One homogenate 
was, immediately after preparation, diluted 1:8 with 
normal saline for activity determinations; second was 
similarly diluted with saline containing sufficient MnSO, 
case, the liver tissue was homogenized with saline contain- 
ing sufficient MnSO, give the same final concentration 
and then diluted with the containing 
All three homogenates were kept room 
temperature during the experiment. soon possible 
after dilution, samples each were taken for arginase 
determination using min. hydrolysis 9-45, and 
other samples were similarly taken for enzyme determina- 
tion, first intervals 0-5 min. and later min. 

Three such experiments were carried out with similar 
results save one respect discussed below. One experiment 
illustrated Fig. which, since each enzyme activity 
determination occupied min. during which activation 
inactivation was proceeding, the first point each curve 
was plotted time 0-5 min. from the instant dilution 
instead time and the subsequent points plotted 
accordingly. The same plotting procedure was adopted for 
Fig. 12. 


8 6 $§ 8 8 


Initial velocity 
(umol. urea/min./I. reacting solution) 
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0 1 2 1 
Time from start of 


homogenization (min.) 


3.04 | 7 
Time after dilution of 
homogenate (min.) 
Fig. 13. Changes with time the activity the arginase 
present homogenates rat liver. One homogenate 
was diluted with normal saline immediately after pre- 
paration (circles); another was similarly diluted with 
saline containing (half dots). the third case 
was present during homogenization and 
saline used for the dilution (black dots). After dilution 
the three preparations were kept room temperature 
and samples taken intervals for activity determination. 
Enzyme activities were determined 37° and 9-45; 
substrate concentration reaction time min. 

For explanation dotted portion curves, see text. 


The curves for the two homogenates, which 
added Mn** was present during homogenization, 
have been extrapolated back intersect zero 
time, i.e. the instant which the dilution 
formed. making this conjectural extrapolation, 
assumed that the activities the two homogenates 
changed approximately the same rate, that the 
curves are made intersect point about midway 
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between their initial values. The point inter- 
section (B) represents the activity the homogenate 
just prior dilution. This, however, probably 
somewhat less activity the enzyme 
existed the tissue, since some dissociation the 
metal-enzyme must have occurred during homo- 
genization. evident that dilution freshly 
prepared homogenate causes considerable loss 
activity even room temperature; the experi- 
ment illustrated Fig. there was approxi- 
mately drop over the first min. the activity 
the homogenate diluted with normal saline. 

The activity the preparation homogenized with 
Mn** remained constant value which was 
approximately equal the ‘ceiling’ value attained 
the homogenate activated with Mn**-saline after 
preparation. Furthermore, the activity the homo- 
genate containing Mn** could raised the 
same level when was added the end the 
experiment, thus confirming our previous finding 
that dilution inactivation reversible. 

These results seem susceptible two inter- 
pretations. the one hand may assumed that 
the enzyme was fully activated the intact tissue, 
and that the activity the preparation homogenized. 
with represents, nearly can deter- 
mined present methods, the true tissue arginase 
activity. The fall activity which occurs during 
homogenization the absence added Mn** can 
then reasonably represented some such curve 
Fig. 13. the other hand equally 
possible that the tissue the enzyme was not com- 
pletely activated, and that the preparation homo- 
genized with Mn** activation the enzyme 
the full ‘ceiling’ value occurred during this process. 
this case the ‘native’ activity may represented 
some point intermediate between and 
(Fig. 13), and the course activation during the 
homogenization the presence Mn** A’D. 
present there obvious way deciding be- 
tween these alternatives, either which may hold 
for the particular liver question. The results 
the other two experiments seemed indicate that 
the arginase the two livers concerned could not 
have been fully activated the ‘native’ state, since 
each case the preparation 
showed some rise activity the beginning the 
series determinations (depicted the part- 
dotted line Fig. 13), which doubtless represented 
the concluding stages activation process 
initiated during homogenization. hardly 
possible speculate greater detail about the 
course events during homogenization since, the 
present state knowledge, these are bound 
obscure; but seems safe conclude from these 
experiments that the degree activation the 
arginase system vivo cannot determined 
present methods. More work will necessary before 
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will possible evaluate the prospects deter- 
mining the true arginase activity given tissue. 

tissue arginase, i.e. the level enzyme protein 
the tissues, measure which given the 
fully activated arginase activity homogenate 
(Mn** not must used), would seem 
greater biological significance than determinations 
arginase carried out absence Mn**, though 
such values (e.g. those Folley Greenbaum, 
provided they are made under strictly 
standard conditions regards dilution and are per- 
formed soon possible after homogenization 
the tissues, are almost certainly capable leading 
valid conclusions regarding relatively large 
changes tissue arginase. 

Reliance determinations the fully activated 
arginase, though this represents the best that can 
done present, is, however, not entirely satis- 
factory, since are faced with the difficulty 
deciding whether observed changes tissue arginase 
activity are due changes the concentration 
the active Mn**-protein merely alterations 
the proportion unchanged amount protein 
which combined with Mn**. present there 
seems satisfactory way deciding between 
these alternatives. 


SUMMARY 


The arginase present homogenates rat 
liver and mammary gland has been studied 
means sensitive reaction-velocity method in- 
volving colorimetric determination urea. 


The reaction velocity the optimum and 


presence excess substrate (0-227M) sensibly 
linear over the first min., that, provided not too 
much substrate hydrolyzed, amounts urea 
formed periods min. are proportional 
initial velocities, and can converted into suitable 
arginase units without use enzyme calibration 
curve. Generally similar results were obtained 

substrate was the same for homogenates both 
tissues, and was unaffected full activation with 
Mn**; the optimal was hardly affected 
decreasing the substrate concentration 

the optimal there was evidence 
enzyme inhibition excessive substrate concen- 
trations, the results agreeing well with the Michaelis- 
Menten theory, but such inhibition 
occurred and progressively increased the sub- 
strate concentration was increased above the 
optimum 

the absence added the arginase 
activity liver and mammary-gland homogenates 
progressively falls even room temperature and 
The rate inactivation greater the more 
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dilute the homogenate, and doubtless due 
gradual dissociation the metal-protein complex 
forming the enzyme. The inactivation can 
reversed addition (full activation taking 
appreciable time even 37°), prevented 
Mn** present from the outset. Co** does not 
reactivate partially inactivated homogenates very 
much, and present from the outset does little more 
than prevent retard dilution inactivation. 
and not Co** the metal component the arginase 
system the tissues, the enzyme system being 
reversibly dissociable. 

Studies the kinetics dissociation 
vation and reactivation Mn** indicate that the 
enzyme may not always exist the fully activated 
state vivo. There known method which 
the degree activation tissue arginase can 
determined, and most biological significance 
attaches the concentration enzyme protein 
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(i.e. potential arginase) the tissues, measure 
which given the activity homogenate 
fully activated Mn**. 

The enzymes liver and mammary-gland 
homogenates are similar properties that they 
can considered identical. some respects the 
enzyme tissue homogenates probably behaves 
more like the ‘native’ enzyme than does that 
partially purified preparations. Homogenates are 
thus preferable extracts for tissue arginase studies. 

routine method for the determination 
tissue arginase described. involves homogeni- 
zation the tissue, and the determination the 
arginase activity the homogenate, fully activated 
with only min., and sometimes only 
min., hydrolysis. 


are indebted Watson and Miss Hasker 
for technical assistance. 
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the study enzymic processes where CO, 
HCO, H,CO, are reactants, either end products 
the order which the three forms carbonic acid 
the reversible system 


arise Fer example, when urea acted upon 
urease buffer solution the end products are 
CO,, and HCO; and the question presents 
itself whether CO,, HCO;, H,CO, the 
primary form carbonic acid. Similar problems 
arise studying the mechanism decarboxylation 
formic acid into and 

Roughton and his colleagues (Meldrum 
Roughton, 1933; Ferguson Roughton, 1934; 
Roughton, 1935) have already pointed out, carbonic 
anhydrase can used tool studying this kind 
problem. The present paper attempt 
discuss the scope this tool, elaborate the experi- 
mental conditions under which can used and 
define the conclusions which can drawn from 
various types experiments. Applications the 
method the study urease and yeast carboxylase 
are given. 

Theoretical considerations 

General. this paper the term carbonic acid 
used mean the sum the true carbonic acid 
(H,CO,) and the forms arising therefrom electro- 
and molecular dissociation. Under physio- 
logical conditions, i.e. the region neutrality, 
carbonic acid present four forms: 


H,CO,, HCO; and 


HCO; predominating. The composition 
the equilibrium mixture closed system, with 
gas phase and liquid phase, governed the 
volumes the gas and liquid phases, the dis- 
sociation constants carbonic acid, pH, and the 
absorption coefficient 

The effect carbonic anhydrase the course 
reaction which carbonic acid takes part depends 
the nature the primary product (whether CO, 
H,CO,) and the factors controlling the secon- 
dary reactions leading the formation the 


equilibrium mixture. Among the latter, the and 
the nature and concentration the buffers are out- 
standing importance. 

The use carbonic anhydrase limited the 
following two requirements: 

(1) The rate the reaction which carbonic acid 
formed used must rapid comparison with 
the rates the uncatalyzed reaction 


Otherwise observable effect will caused 
addition the enzyme. 

(2) The reaction must take place under con- 
ditions where carbonic anhydrase active; sub- 
stances inactivating carbonic anhydrase must 
absent. 

the following discussions specific cases showing 
the effects carbonic analyzed 
detail and illustrated manometric experiments. 
The treatment refers conditions where re- 
latively small amount substrate added 
enzyme sufficiently powerful decompose the sub- 
strate completely matter minutes. 

Effects carbonic anhydrase CO, the primary 
form carbonic acid. CO, the primary product 
and the the region 5-0 carbonic anhydrase 
should not have appreciable effect because 
that CO, does not form bicarbonate 
appreciable extent. 

If, contrast, the higher, say the region 
7-0 higher, some CO, will enter into secondary 
reactions yielding mainly HCO; The change CO, 
pressure closed system will then depend the 
relative rates (1) the primary reaction yielding 
(2) the secondary reaction converting CO, into 
HCO, and addition carbonic anhydrase should 
diminish the rate CO, evolution the early 
stages, but the precise effect carbonic anhydrase 
will vary according the relative rates (1) 
and (2). Thus (1) much more rapid than (2), 
rapid evolution CO, excess the equili- 
brium will followed slow absorption the 
excess (Table and Fig. 1); the rate (1) 
approaches that the amount excess CO, 
diminishes (Table Figs. and 4). both cases 
the addition carbonic anhydrase will accelerate 
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the rate (2) and therefore lower the CO, pressure 
the early stages the reaction, that the system 
equilibrium throughout the reaction, but the 
effect this enzyme course less marked the 
second case. the rate (1) equal the rate 
(2), CO, will not evolved excess the equili- 
brium, and this case carbonic anhydrase will have 
demonstrable effect. 

the primary form carbonic acid. the reactions 
are extremely rapid com- 
parison with the reaction the 
effects carbonic anhydrase are expected the 
same either HCO; the primary product 
the reaction. both cases carbonic anhydrase 
will accelerate the evolution carbon dioxide the 
the standard procedure Meldrum Roughton 
(1933) mixing bicarbonate solution with phos- 
phate buffer the presence and absence enzyme. 

the rises, the formation CO, from bicar- 
bonate decreases magnitude until becomes 
negligible above 8-0. Effects carbonic an- 
hydrase are therefore not expected that pH. 
the acid side the neutral point, say between 5-0 
and 6-0, the rate the uncatalyzed decomposition 
very rapid and the manometric measure- 
ment the acceleration carbonic anhydrase 
becomes difficult. 


EXPERIMENTAL 


General technique. The measurements consisted the 
determination the change the pressure 
CO, within closed system. The experiments were carried 
out with Warburg manometers, which were more con- 
venient for the present work than the boat method. Conical 
flasks about ml. capacity were used, having side 
arm from which the substrate was added, but centre 
well the latter hinders the rapid movement the fluids. 
each experiment two manometers with flasks differing 
volume less than were used. Identical quantities 
the enzyme (urease carboxylase), buffer, substrate and 
crude carbonic anhydrase were added both flasks and 
inhibitor the latter enzyme (thiophen-2-sulphonamide) 
one the flasks. The two flasks therefore differed only 
the presence small amount (usually 0-02 mg./ml.) 
inhibitor. The possible alternative adding carbonic an- 
hydrase one flask only may cause complications im- 
purities the enzyme may have buffering capacities which 
affect the equilibrium. essential that the two flasks 

co, 
total carbonic acid 
the equilibrium mixture depends and The 
changes CO, pressure therefore are not directly com- 
parable vessels different sizes are used. 

The quantity substrate added was relatively small, 
acid. Under these conditions the end point was reached 
within few minutes and the pressure changes did not 
exceed the scope the manometer scales. 


should equal volume the ratio 
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important control this type experiment the 
measurement the final value the CO, output. The rates 
two parallel manometric vessels are comparable only 
the pH’s and the concentrations the buffers are identical. 
The final CO, value determined the and the buffer 
concentration and its measurement therefore check 
the identity conditions the two flasks. 

The manometers were first shaken slowly until equili- 
brium was established. The contents the side arms 
the two flasks were then mixed simultaneously two 
people and the rate shaking was increased about 
150 periods/min., with amplitude cm. the 
level the bottom the flasks. Two small glass beads 
mm. diam.) were placed the solution increase the 
effectiveness shaking. 

experiments which substrate was added from the 
side arm enzyme the substrate and enzyme 
solutions was carefully adjusted the same value, 
checked colorimetric and electrometric measurements, 
and the initial amounts CO, and both solutions 
were kept low possible. the solutions contain 
differences cause pressure changes mixing which 
may vitiate the results the enzymic process. 

The temperature the bath was low, usually 15° 
below. Owing the relatively high temperature 
cient the uncatalyzed reaction (see 
Roughton, 1943) the effects carbonic anhydrase are 
likely greater the lower the temperature. 

Urease. Jack beans obtained from the Imperial College 
Tropical Agriculture, Trinidad, were broken coffee 
grinder and the husks were separated from the remainder 
sieving. The bean meal g.) was shaken for min. 
with water buffer solution (50 ml.) and centrifuged. 
15°, ml. the supernatant decomposed 2-5 mg. urea com- 
pletely about sec. 

Carboxylase. Freshly pressed brewer’s yeast was spread 
thin layers and allowed dry the air. This required 
less than hr. The dried material was stored cool, dry 
place. The carboxylase preparation was made the day 
which was used incubating mixture dried 
yeast and ml. water for hr. 30° and centrifuging; the 
supernatant was used carboxylase. 15° and 5-5, 
ml. solution, addition pyruvate, liberated 
CO, during the Ist min. and during the 2nd 
min. The rate pyruvate decomposition was the same 
order 7-0. 

Carbonic anhydrase. Most experiments were made with 
the chloroform-ethanol preparation Roughton Booth 
(1946), blood serving the starting material. few 
cases laked blood was used. the following protocols 
‘carbonic anhydrase’ refers the undiluted chloroform- 
ethanol extract, unless stated otherwise. obtain maxi- 
mum effects was necessary add about 0-1 ml. this 
ml. the reaction mixture. 

Inhibitors. Thiophen-2-sulphonamide, kindly supplied 
the American Cyanamide Company, was used 

standard inhibitor; 0-1 ml. aqueous solution was 
added the solution. According Davenport (1945), the 
discoverer the inhibitory action this compound, thio- 
sulphanilamide 0°. After most the work reported 
this paper was completed was found that p-toluene- 
sulphonamide still more effective inhibitor than 
thiophen-2-sulphonamide, and this substance was used 
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some experiments. Controls indicated that these sulphon- 
amides had significant effect the activity urease 
yeast carboxylase when carbonic anhydrase was absent. 
Addition buffers. the magnitude the secondary 
reactions carbonic acid depends the concentration 
buffers, phosphate was added the enzyme solutions 
most experiments; the amounts added are stated later. 


Experiments with urease 


Our first experiments with urease were carried out 
1934 and have already been referred briefly 
(Roughton, 1935). The experimental conditions 


Table Effect carbonic anhydrase the course 
CO, evolution from urea the presence urease 


(Each flask contained ml. jack-bean extract ground 
jack beans shaken with ml. buffer 
7-4; centrifuged and supernatant used, 6-9) and the 
additions stated below the main compartment, 0-25 ml. 
10% urea (=930 CO,) the side arm; 15°; 18-0; 


1-952. 
CO, evolved 


Flask 
(0-2 ml. carbonic Flask 
anhydrase, 0-1 ml. (0-2 ml. carbonic 
thiophen- anhydrase 
2-sulphonamide) 0-1 ml. water) 
552 129 
566 137 
510 138 
470 138 
427 138 
386 138 
326 138 
275 138 
230 138 
185 138 
164 138 
148 138 
138 138 
138 138 


Time after 


CO, evolved (jl.) 


Time (min.) 


Fig. Effect carbonic anhydrase the evolution CO, 
the system urease-urea (15°). 


which effects carbonic anhydrase can demon- 
strated are given Table and the results are shown 
Fig. will seen that the 
absence carbonic anhydrase urea equivalent 
930 pl. CO, yielded 566 CO, within sec. (61% 
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the theoretical yield). this amount 428 


were reabsorbed the course min. the 
presence carbonic anhydrase there was excess 


Table CO, evolution from mixture methyl- 
amine carbamate and phosphate buffer with and_ 
without carbonic anhydrase 


(Both flasks contained the main compartment ml. 
buffer, 6-5, and the additions stated 
below, and the side arm ml. 
carbamate-carbonate solution prepared passing CO, 
through solution methylamine until turned alizarine 
yellow pink orange. The total CO, content the 
solution (carbamate was and the 
was 10-4 (see Faurholt, 1924); 15°.) 


CO, evolved 


Flask 
Carbonic 
anhydrase 
(0-2 ml.) 

159 
0-67 232 
270 
1-33 288 
1-67 301 
2-0 310 
3-0 321 
324 
6-0 324 
10-0 324 
324 
20-0 324 
30-0 324 


Flask 
Water 
(0-2 ml.) 
721 
960 
1033 
1040 
1025 
1000 
908 
825 
682 
508 
409 
355 
331 


Time after 
mixing 
(min.) 


CO, evolved 


Time (min.) 

Fig. Effect carbonic anhydrase the evolution CO; 
mixture methylamine carbamate and phosphate 
buffer (15°). Carbonic anhydrase added, water 
added 


production CO,, and the final yields CO, were 
the same with and without the enzyme. 

further experiments the concentrations the 
reactants were varied. When less carbonic anhydrase 
was used there was small excess production 


mixing 
(min.) 
0-5 
1-0 
1-5 
2-0 
2-5 
3-0 
4-0 
5-0 
6-0 
8-0 
10-0 
13-0 1000 
18-0 
26-0 
800 
AS 
600 
400 
300 
100 
0 5 10 15 20 
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CO, even the presence the enzyme. When the 
urease solution was diluted times with phosphate 
buffer 7-1 the course the reaction was pro- 
tracted and the excess CO, was smaller amount 
but still marked. The effects carbonic anhydrase 
were also demonstrable 30°. the other hand, 
expected, effects carbonic anhydrase were 
observed 15° 6-0 (phosphate buffer) 5-0 
(acetate buffer). 

The results make certain that bicarbonate 
H,CO, are not primary products the action 
urease. They are accordance with the view that 
primary reaction products are either ammonium 
carbamate CO,+NH,. When solution contain- 
ing carbamate added approximately 
neutral buffer, curves the same general shape 
those given the urea-urease system are obtained, 
Ferguson Roughton (1934) have shown, and_as 
further illustrated Table and Fig. The view 
that ammonium carbamate intermediate was 
first expressed Fenton (1885) and Armstrong 
Horton (1912), and substantiated Yamasaki 
(1920), Mack Villars (1923), and especially 
Sumner, Hand Holloway (1931). The last-named 
workers showed conclusively that ammonium car- 
bamate formed when urease allowed act 
alkaline medium. could not detected the 
presence buffers. The authors rightly point out 
that the demonstration the presence ammonium 
carbamate does not necessarily prove that this sub- 
stance the first intermediate. The reversible 
reaction 


=(NH,)OC(ONH,) 


extremely rapid (Faurholt, 1924), and the ex- 
periments where carbamate was detected could 
have arisen either directly from urea secondarily 
from CO, and not possible present 
distinguish between these alternatives. 

The action urease and the subsequent series 
reactions the presence buffers may therefore 
written follows: 


2NH, 


Experiments with yeast carboxylase 


ml. yeast extract were added, immediately before 
use, (178 mg.) and, drop drop, CO,-free 
n-NaOH (1-7 ml.). The resulting turbid mixture turned 
phenol red pink and showed electrometrically 7-0. 
solution the same and phosphate 
concentration was prepared from N-stock solution 
pyruvic acid, and CO,-free n-NaOH. 
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The details two experiments showing the effects 
carbonic anhydrase are given Table and 
Figs. and both experiments carbonic an- 
hydrase retarded the evolution CO, the manner 
expected for reaction yielding CO, the primary 
product. the excess CO, evolved was 
greater than 15° and the effect carbonic an- 
hydrase correspondingly more marked. greater 
effect expected lower temperature the tem- 
perature coefficient carboxylase (which about 
than that the uncatalyzed hydration 
CO,. 

regards the rate CO, evolution from its sub- 
strate the carboxylase was less potent than the 
urease, and addition, the rate reaction dropped 
more rapidly with decreasing substrate concen- 
tration the case carboxylase. These two factors 
account for the differences the shapes the curves 
obtained with the two enzymes, although both 
cases CO, the primary product. 

similar experiments 6-0 and 5-0 effects 
carbonic anhydrase were seen. 

will noted that there short lag period 
before the full rate CO, evolution reached. 
very unlikely that part thislagis due 
diffusion. abolish the lag were unsuc- 
cessful. Addition the main compartment small 
amounts glucose pyruvate which were decom- 
posed during the equilibration period had effect. 

The experiments leave doubt that CO,, and not 
H,CO, the primary product decarb- 
oxylation. This result contrast that 
Conway MacDonnell (1945), who claimed 
preliminary publication have observed ac- 
celeration the CO, output carbonic anhydrase, 
when yeast carboxylase acts upon pyruvate. Prof. 
Conway has kindly supplied the full experimental 
details the procedure employed Conway 
MacDonnell, and has therefore been possible 
repeat their experiments. Conway MacDonnell 
worked 5-5 and 37° and added large excess 
pyruvate. Under such conditions did not find 
any difference between the rates CO, evolution 
the presence and absence carbonic anhydrase 
and the results Conway MacDonnell thus could 
not confirmed. 5-5 and 37° the rate the 
uncatalyzed dehydration H,CO, very fast, the 
time for the half-reaction being about 0-8 sec.; 
additional manometric effect therefore 
expected addition carbonic anhydrase, and the 
effects recorded Conway MacDonnell cannot 
have been due carbonic anhydrase; their origin 
remains unexplained. 

should noted that the graphs published 
Conway MacDonnell are not directly comparable 
with those given this paper, Conway 
MacDonnell plotted the rate CO, evolution (not 
the total CO, output) against time. 
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Table Effect carbonic anhydrase the course 
CO, evolution from pyruvate the presence 
yeast carboxylase 


(For details carboxylase and pyruvate solution, see 
text. Each flask contained ml. carboxylase and 0-1 ml. 
carbonic anhydrase the main compartment and 0-4 ml. 
the side arm. Flasks (1) further contained 
0-1 ml. thiophen-2-sulphonamide solution. 
Exp. 2-13; Exp. 2-24.) 


CO, evolved 
Exp. 


Time after Exp. (15°) 
mixing 
(min.) Flask Flask Flask Flask 
2-5 200 113 103 
3-0 251 155 
356 234 200 122 
412 302 256 164 
6-0 469 356 306 205 
7-0 405 347 241 
8-0 522 443 383 274 
10-0 542 490 441 335 
12-0 554 516 490 389 
14-0 526 421 
16-0 540. 458 
19-0 545 485 
21-0 535 490 
25-0 585 582 515 499 
30-0 500 502 
40-0 591 588 500 502 


CO, evolved 


iJ 


Time (min.) 


Fig. Effect carbonic anhydrase the evolution CO, 
the system yeast carboxylase-pyruvate (15°). 


The use Warburg manometers for the estimation 
carbonic anhydrase activity 


The reaction between bicarbonate and hydrogen 
ions the effects carbonic anhydrase thereon 
have already been thoroughly investigated pre- 
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vious workers (see Roughton, 1943), but the use 
the Warburg manometer for the study this 
reaction has not been described detail. The fol- 
lowing experimental conditions, which are similar 
those used various forms the ‘boat’ method 
Meldrum Roughton (1933), were found 
suitable for the given dimensions the Warburg 
flasks. 


Solutions. Phosphate buffer prepared mixing 
300 with 200ml. 
and 

Manometric arrangement. For experiments 0°, ml. 
phosphate buffer, and additions such carbonic anhydrase 
and inhibitors total volume 0-2 ml., were measured 
into the main compartment and ml. into 
the side arm. For experiments temperatures between 
and 40°, ml. buffer was used instead ml., and ml. 
was placed the side arm. experiment 
15° shown Table will seen that the initial 
rate was accelerated more than sixfold the enzyme. 
38° the initial acceleration was about twofold. 


low enzyme concentration the acceleration 
caused carbonic anhydrase proportional the 
enzyme concentration shown Table which 
gives details experiment carried out 0°. The 
uncatalyzed reaction, well the increase caused 
relatively small amounts the enzyme, pro- 
ceeded approximately linearly until about one third, 
i.e. about mm., the final pressure change had 
been reached. Later the rate reaction fell off. 


3 w 


CO, evolved 
w 


Time (min.) 
Fig. Effect carbonic anhydrase the evolution CO, 
the system yeast carboxylase-pyruvate 


quantitative experiments the initial third section 
the curve was used calculating the activity 
carbonic anhydrase. reading the region be- 
tween and mm. was chosen and from the 
rate reaction for standard period, usually 
was calculated. The application this 
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procedure the data recorded Table gives 
the following figures: 


Increase due 


CO, carbonic 
evolved anhydrase 
sec. 
Enzyme diluted 1/320 
Enzyme diluted 1/160 
Enzyme diluted 1/80 138 118 


The increased CO, output thus proportional the 
amounts carbonic anhydrase added. The pro- 
cedure is, therefore, suitable for quantitative 
measurements the concentration the enzyme 
tissues and the action inhibitors. must 
emphasized that the rigid precautions cleanliness 
—acid washing, rinsing with doubly distilled water, 
prevention contamination gas and metallic 
impurities—which Roughton Booth (1946) found 
necessary, are essential for obtaining reproducible 
results. Even when these precautions are taken 
single results cannot relied upon; duplicate 
triplicate experiments are essential. 


Table Effect carbonic anhydrase the reaction 
between NaHCO, and phosphate buffer, measured 
Warburg manometers 
(The carbonic anhydrase preparation was the chloroform- 

ethanol extract from red cells, diluted 20-fold; the main 

compartment contdined ml. buffer (see text) and the side 
arm ml. 15°; Koo, 2°32.) 
CO, evolved 


Flask 

Time after Carbonic Flask 

mixing anhydrase Water 

(min.) (0-2 (0-2 mi.) 
0-33 196 
0-67 280 
1-0 332 
1-33 354 128 
1-67 372 154 
2-0 382 179 
3-0 399 244 
402 296 
9-0 405 392 
15-0 405 406 


previous work the reciprocal the time taken 
for given evolution CO, has been used 
measure the enzyme activity, but the rate 
CO, evolution linear, here the case the 
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Table varying quantities carbonic 
anhydrase the rate CO, evolution from 
phosphate buffer and bicarbonate 
(0°; volume manometer flasks, ml.; the carbonic 

anhydrase preparation was obtained from blood cells 

treatment with chloroform and ethanol (Roughton 

Booth, 1946); for further details, see text; the data are 

averages duplicate determinations.) 

Pressure (mm.) observed manometrically 


Time With 0-1 ml. enzyme 
after 
mixing Without Diluted Diluted Diluted 
(min.) enzyme 1/320 1/160 
1-0 130 248 
1-5 110 170 259 
2-0 133 195 264 
2-5 113 157 212 267 
3-0 128 169 224 267 
4-0 158 194 241 
5-0 180 210 251 
7-0 124 212 232 259 
12-0 168 255 247 262 
17-0 208 263 263 264 267 


early stages, equivalent, and simpler, use the 
activity. 

SUMMARY 


When powerful urease preparation allowed 
act upon limited quantity urea neutral 
buffer 15°, CO, rapidly evolved and later 
excess CO, evolved. These results support the 
conception that CO,, and not HCO; CO;, 
primary intermediate the action urease urea. 

Carbonic anhydrase has similar effect the 
system yeast carboxylase-pyruvate, under certain 
conditions, which are described. The results indicate 
that CO,, and not HCO; the primary 
product the enzymic decarboxylation pyruvate. 

The effects which are expected when 
carbonic anhydrase added systems which 
CO, bicarbonate are reactants are discussed from 
general point view. 

The use Warburg manometers for the quan- 
titative determination carbonic anhydrase ac- 
tivity described. 
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Prolonged electrophoresis human serum has de- 
monstrated the non-homogeneity the albumin 
phosphate buffer and ionic strength 0-1, the 
migration velocities the boundaries the two 
main components, apparent from the patterns, 
differing about less (Blix, Tiselius 
Svensson, 1941; Hoch Morris, 1945).. Under the 
conditions these experiments, mobilities 
and comparatively low ionic strength, the conven- 
tional methods analysis the patterns cannot 
applied, since here the separation the boundary 
peaks and the relative areas the gradient curve 
are not even approximate measures the difference 
mobility and the relative proportions the two 
components the original mixture. detailed 
analysis boundary anomalies this kind was 
given Svensson (1946). The calculation the 
true proportions and relative mobilities means 
the theory available present (Svensson, 1943; 
Dole, 1945; Svensson, 1946) can yield only approxi- 
mate information account the necessity for 
assumptions concerning changes mobility the 
ions across the boundary. simplified method 
treating the data has been suggested for use under 
certain conditions (Hoch, 1948). 

the present paper, the ascending patterns 
albumin obtained after prolonged electrophoresis 
normal and pathological sera are studied pro- 
cedure similar that used previously. 


THEORETICAL 
Definition symbols 


V,, velocities proteins and infinite 
dilution the buffer used supernatant; 
migration velocities proteins and below the ascending 
boundaries; protein the region 
between the ascending boundaries and 
centration protein the region below the ascending 
the region below the ascending boundary protein 
low protein concentration the buffer used 
this protein the actual solution below 
the protein boundary; a=constant defined text; 
=current/unit area cross section; =separation two 
boundaries/unit time. 

Notation for Svensson’s (1946) equation (21). 
concentrations electrochemical equiv./ml. above colloid 
boundary, with the signs the charges; mobili- 
ties cm.? above colloid boundary, with the 
signs the charges; ratio across the colloid 


with the sign the charge; colloid ion 
above the boundary, defined equation (22) Svensson 
below the colloid boundary. 


The relation between migration velocity and 
concentration serum albumin 


The conditions obtaining the region between the ascend- 
ing boundary leading protein and the following ion 
depend only the properties and concentration the 
leading-protein ions this layer, and the buffer solution 
used the supernatant fluid. This was the same all 
experiments. Assuming (a) that this region the relative 
change migration velocity with protein concentration 
(expressed g./100 ml.) the same for the two main com- 
ponents serum albumin and that the relative 
rate change the migration velocity one component, 
when infinitely low concentration, with increasing con- 
centration the second component, equal the relative 
rate change the migration velocity the second com- 
ponent with increasing concentration this component, 
then 

and 
where the subscripts and refer the faster and slower 
albumin components was considered vary 
little with the protein concentration, when this low 
(Hoch, 1948). the derivation the expression for 
the basis Svensson’s (1946) theory, the mobility ratio for 
the protein, U/U,, was taken that the buffer 
ions across the boundary. 

expression for can also derived, the ratio 
U/U, for the protein ions taken differ from that the 
buffer ions amounts proportional the protein con- 
centration (expressed equiv./ml.), i.e. 


combining (2) with Svensson’s equation (21) (1946) 


+C=0. 


(1+aC) 


have 


the following, will written 


Ky 


Vol. 
defined previously, from (1), 
1 Va V; 
inserting 
‘and V,=—, 


1), 


and from (3) 


(4) 


where the concentration protein expressed g./100 ml. 
and the net charge/g. protein. Solving (4) for 
have 

positive smaller, than that found from equation (4a) the 
previous paper (Hoch, 1948): 

derived using the assumption that the mobility ratios 
all ions are equal; i.e. the coefficient the denomi- 
nator (4) larger (or smaller), that variations 
have more (or less) effect The variation with C,’ 
here comparatively small, the numerical calculation 
showed. data are available estimate but for the 
present purpose may sufficient evaluate the varia- 
tion with for arbitrary limiting case, which 
this variation greatest. For example, using the experi- 
mental value =0-06 (Hoch, 1948), and taking the value 
being 25% higher than that given the 
literature (for references see Hoch, 1948), with the help 
albumin/100 ml. 

the present study the approximation made that 
independent the albumin concentration and the numerical 
value 0-06 used all calculations. consequence, all 
the values given below for the relative proportions and 
relative mobilities should considered approximations. 

Calculation the relative proportions and the relative 
difference mobility the two albumin components. The con- 
centration the faster albumin component ahead the 
boundary the slower component adjusts itself such 
value that the increase concentration across this boundary 
balanced the decrease migration velocity. The 
amount the faster albumin ions/unit cross section which 
passes the boundary the slower component must the 
same whether calculated terms the migration velocity 
behind the slower boundary that ahead it. Using 
equation (1), this expressed 


Hence 


(5) 
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The separation per unit time, the two boundaries, 
after they have migrated V,, and respectively, 


CG.’ 
(Hoch, 1948) from which 
1 


Inserting (6) into (5) 
and 


From equation (7) the proportion the faster component 
the total can obtained. The relative difference 
migration velocity infinitely low albumin concentration 
(=relative difference mobility) best from 
equation (6) after C,’/C,’ has been found from equation (7). 


EXPERIMENTAL 


most the cases ml. fresh serum were diluted with 
ml. phosphate buffer and ionic strength 0-1, and 
dialyzed against this buffer for 1-4 days 0-4°. The 
serum protein concentration was determined micro- 
Kjeldahl the specific gravity method Linderstrom- 
Lang (Hoch Marrack, 1945). The ml. Tiselius cell and 
the Philpot-Svensson optical system with diagonal edge 
wire (Svensson, 1939), both, were used. The potential 
gradient was about and the bath temperature 
0-1°. After 70-80 min. the serum patterns were photo- 
graphed, and then steady flow buffer into the electrode 
vessel the anode was started and kept that the 
albumin boundary did not migrate out the top compart- 
ment the U-tube. The patterns were evaluated the 
method Svedberg Pedersen (1940) used Longs- 
worth (1946), which the areas the peaks the gradient 
curve are limited lines similar Gauss curves. This 
procedure involves much uncertainty the analysis 
patterns from the serum albumin, the components which 
have not heen completely separated 10) and more 
than crude estimate the apparent relative proportions 
the albumin components was attempted. Moreover, the 
distance migrated per hour the ascending albumin 
boundary was used place and this distance was not 
measured every experiment, but was assumed 
2-5 cm. mA. all experiments. accurate estimate 
was not considered necessary view the uncertainty 
involved the measurements the distances between 
the boundary peaks. The albumin concentrations the 
ascending side were g./100 ml. all but four cases. 
example for the calculation the true proportions 
and relative mobilities, case may described: total 
albumin concentration, apparent proportion 
faster distance between 
boundary cm.=S total distance mi- 
time; but from equation (7) the con- 
centration the faster component the mixture, 
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from equation (6) 


=0-035 


Only those patterns which showed two main peaks were 


analyzed this way. 


RESULTS 


The results are summarized Table and Pl. 10. 
The proportion the component represented the 
faster main peak ranged from the total 
albumin. The albumin probably includes 
except case which this had been removed. 
The mobilities the two components differed 
2-5-6-5%. The findings Table were arranged 
into four groups the order increasing pro- 
portions the faster component, irrespective 
the clinical state the subjects. Owing the un- 
certainty the estimations, little significance should 
attached the order within any one group. 

The percentages the faster component the 
albumin from five healthy individuals were between 
and 42. Cancer sera gave percentage values the 
11—20 two, and 21—30 one out ten cases. 
Five out seven sera from patients suffering from 
non-malignant diseases fell into the range found with 
sera from clinically healthy subjects. The two low 
values were found one case cirrhosis the liver 
and one case nephritis two occasions. 

Apart from the main components, small com- 
ponent, migrating 12% faster than the 
albumins, was frequently observed. was present 
seven out eight sera (including those which were 
electrolyzed undiluted) from clinically healthy sub- 
jects, six out eight sera from patients suffering 
from non-malignant diseases and five out ten 
cancer. 

The fastest boundary peak cases 10) 
was comparatively large and, except case 26, its 
mobility differed little from that the first main 
peak. account this large first component, the 
calculation the relative proportions the ‘main’ 
components was omitted these cases, since 
equations (6) and (7) cannot applied more than 
two componenis. four instances, portions the 
same samples were tested before and after storage 
(Pl. 10, bottom row). The keeping serum 
produced very little change cases and 18, while 
marked change the pattern was observed 
case When serum was first diluted, dialyzed and 
then kept there was little change case 
but case the separation the two components 
and the proportion the faster component was 
increased. change keeping was seen 
sample serum albumin that had been freed 
from «,-globulin electrophoresis veronal buffer 
(Longsworth, Curtis Pembroke, 1945) and sub- 
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sequently dialyzed against phosphate. The changes 
that occurred keeping were all instances the 
direction greater separation the main peaks, 
The following sera had been kept dialyzed 
0—4° for more than days before electrophoresis (the 
number days given parentheses) (9), (8), 

The albumin pattern no. Pl. was obtained 
experiment with undiluted serum. similar 
pattern was obtained with serum from the same 
subject taken months later. both cases there 
were three main and two small fast components. 
the pattern shown here slight disturbance can 
seen the region below the boundaries (i.e. the 
right the figure) which probably due con- 
vection. Undiluted sera from two other subjects 
gave albumin patterns with three and two main 
albumin peaks respectively. addition one small 
fast and one small slow peak were present either 
pattern. Although the small slow peaks behaved 
like genuine components, possible that they 
were due convection, but unlikely that these 
convections arose from the heat generated the 
current, since under identical conditions many 
other experiments small slow peaks were 
observed. 


DISCUSSION 


The assumption that two components are similar 
with regard the change mobility with protein 
with salt concentration was used the derivation 
equations (6) and (7). The values for the relative 
proportions and the relative difference mobility 
two serum albumins calculated means these 
equations differ considerably from those apparent 
from the patterns. These calculated values are con- 
sidered more reliable than those obtained the 
conventional method (in which the relative areas 
are taken represent the relative amounts the 
mixture) even the assumptions about the changes 
mobility should prove not quite correct, 
provided the values for the the two components 
are similar. formally similar treatment has been 
used Johnston Ogston (1946) explain 
boundary anomaly found the ultracentrifugal 
sedimentation mixtures. 

patterns 16, the extent the separation 
the two components might appear insufficient for 
quantitative analysis. Greater separation could 
have been obtained continuing the experiments 
for longer time, but for technical reasons this was 
not done. The uncertainty the extrapolation 
the curves between the peaks can assessed 
considering the limits within which both curves 
could obtained reasonably symmetrical. case 
Pl. these limits (ratio the areas both sides 
the maximum ordinate not greater than about 
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2-5) were about and the total area. 
The value was used the calculation. 

the three cases which were tested, the separation 
into two albumin components could reproduced 
after keeping either the serum the dialyzed 
solution (at 8), but only one case were the 
patterns practically identical shape. The other 
patterns showed differences, all which were the 
direction greater separation the peaks. 
therefore improbable that any sera which showed 
little none the faster component had altered 
this respect keeping dialysis. 

The finding lower concentration the faster 
main albumin component number sera 
patients with cancer warrants further chemical in- 
vestigation this component. Extensive work has 
been carried out with the purpose establishing 
alterations the protein composition sera from 
persons suffering frgm malignant disease (for refer- 
ences see Stern Willheim, 1943). Several changes 
have been found, but none them was specific 
enough definite diagnostic value. The present 
investigation might bear some relation the 
findings Kahn (1930). found that the albumin 
fraction which not precipitated 
ammonium sulphate diminished sera cancer 
patients. these, well the present experi- 
ments, sera from cases pregnancy and liver and 
kidney diseases behaved similarly those from 
patients. 

SUMMARY 


The albumin patterns obtained after prolonged 
general two main peaks, which the faster covered 
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area from 75% the total area the 
albumin peaks. These proportions the areas, how- 
ever, not represent the proportions the amounts 
the albumin components the original serum. 

method for the calculation the relative 
proportions and the relative mobilities two 
albumin components presented. Applying this 
method the analysis albumin patterns was 
found that the amount the faster ‘main’ com- 
ponent ranged from the total albumin. 
five sera from clinically healthy individuals the 
percentage was 10—42; seven out the ten cancer 
sera examined, the percentage was only between 
and 10. Similarly low values were found two 
samples sera from patient with nephritis, one 
case cirrhosis the liver and two pregnancies, 

two cancer and three non-cancer sera three 
main albumin peaks were found. 

Electrophoresis undiluted sera gave albumin 
patterns with three ‘main’ components two out 
three cases examined. 

additional small fast component was 
present seven out eight sera from clinically 
healthy subjects, six out eight sera from 
patients suffering from non-malignant diseases and 
five out ten cases cancer. 

feature the albumin pattern specific only 
for cancer sera could established. 


The authors are grateful Prof. Marrack and 
Drs Holiday and Morris for their criticism 
and encouragement. Valuable help has been obtained 
discussions with Drs Ogston, Svensson and 
Weinstein. One (C. H.-L.) wishes thank the 
British Empire Cancer Campaign for grant. 
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have already reported (Bray, Ryman Thorpe, 
1947) upon the fate p-hydroxybenzoic acid and its 
amide the rabbit. The present paper gives the 
corresponding results for the and m-isomers. The 
changes which these compounds might undergo are 
theoretically the same those for the p-isomer, i.e. 
the hydroxyl group may conjugated with either 
glucuronic sulphuric acids and the carboxyl group 
with glucuronic acid glycine. the case the 
amides the extent conjugation through the car- 
boxyl group would depend upon the degree 
hydrolysis the carbamyl group. There also the 
possibility the introduction second hydroxyl 
group, comparable the formation protocate- 
chuic acid from p-hydroxybenzoic acid amide 
(Bray al. 1947). 


The extensive literature upon salicylic acid resulting 
from its clinical use the treatment rheumatic condi- 
tions was critically reviewed 1926 Hanzlik (1926), 
who concluded that salicylic acid was excreted largely un- 
conjugated, though some conjugation with glycine, form 
salicyluric acid, might occur. The degree this conjugation 
was variable amount, depending some extent 
species; the evidence was most complete for man. There was 
general agreement about glucuronide formation. 
seemed probable that some destruction salicylic acid 
occurred the organism, and there was evidence that 
gentisic acid (2:5-dihydroxybenzoic acid) was formed 
hydroxylation salicylic acid. There has been general 
agreement among workers that salicylic acid not con- 
jugated with sulphate man, dog rabbit (e.g. Baumann 
Herter (man and rabbit), 1877-8; Mosso (man and dog), 
1889-90; Vogelius (man), 1880; Williams (rabbit), 1938), 
though Baumann Herter claimed have observed 
ethereal sulphate formation the dog. The results the 
comparatively few investigations described since 1926 have 
general supported the conclusions Hanzlik’s (1926) 
review. Quick (1932a, found some evidence glucu- 
ronic acid conjugation salicylic acid the dog, but very 
little conjugation with glycine was observed. was, 
however, able isolate salicyluric acid from human 
cylate urine (Quick, 1933). Kapp Coburn (1942) isolated 
salicylic acid (20%), acid (55%) and gentisic 
acid (4-8%) from human salicylate urine, and addition 
obtained small amount uraminosalicylic acid, appar- 
ently complex glycine, salicylic and acids, 
which was probably identical with compound (uramin- 
isolated Baldoni (1908) from the urine 
dogs dosed with salicylate. possible that these may 
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have been artifacts formed during isolation, but their forma- 
tion and exact constitution have not been studied further. 
Kapp Coburn (1942) obtained evidence the conjuga- 
tion salicylic acid with glucuronic acid (25%), but 
glucuronide could isolated. Lutwak-Mann (1943) showed 
that rats can also hydroxylate salicylic acid form gentisic 
acid. 

Very few investigations the metabolism salicylamide 
have been reported. Bondzynski (1897) concluded that 
was completely absorbed man. Baumann Herter 
(1877-8) and Baas (1889-90) found that caused in- 
crease ethereal sulphate the dog, and Williams (1938) 
found that was excreted this form the rabbit. 
the basis the salicyluric acid which could isolate, 
Baas claimed that 2-12% was hydrolyzed the dog. 

m-Hydroxybenzoic acid has been found conjugated 
with glycine and glucuronic acid the dog (Quick, 
with sulphate man and dog (Baumann Herter, 1877-8) 
and the rabbit the extent 3-5% (Williams, 1938). 

The only record the metabolism m-hydroxybenz- 
amide Williams’s (1938) observation that 32-44% was 
excreted ethereal sulphate the rabbit. 


this study sought establish the degree 
hydrolysis the carbamyl group and 
hydroxybenzamides quantitative estimation 
the excretion various metabolites, and com- 
parison the results with those obtained after 
administering the corresponding acids. were able 
isolate and 3-carbamylphenylglucuronides 
metabolites and m-hydroxybenzamides re- 
spectively, and detect the formation hydroxy- 
lation products from all four compounds, isolating 
gentisic acid from salicylate urine and gentisamide 
from salicylamide urine. 


METHODS 


Diet and dosing. The rabbits used were does kg. The 
diet rabbit pellets already described (Bray al. 1947) was 
used throughout this investigation. Salicylic acid and 
amide were appreciably toxic, and the maximum dose level 
used was 0-4 g./kg. The meta isomers were not toxic dose 
levels 1-5 g./kg. 

Methods analysis. These were the same those pre- 
viously used (Bray al. 1947), but this investigation the 
ether-soluble acid was not fractionated. 

Preparation and m-hydroxybenzamides. Salicyl- 
amide was prepared refluxing methyl salicylate with 
excess ammonia (sp.gr. 0-88) until there were longer 
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two layers. cooling, the reaction mixture deposited long 
needles which were recrystallized from water. The final 
product melted 139°. Yield 90% theory. The final 
traces methy] salicylate were removed heating 100° 
under reduced pressure. m-Hydroxybenzamide was pre- 
pared the same way p-hydroxybenzamide (Bray al. 
1947). Yield: 38% the ester used. M.p. 170°. 

Gentisic acid. This reference compound was prepared 
the method Brunner (1907). M.p. 200-202°. Methyl 
gentisate, m.p. was prepared from described 
Raistrick Simonart (1933). 

Gentisamide. This was prepared refluxing methyl 
gentisate g.) with ammonia sp.gr. 0-88 (10 ml.) for hr. 
Concentration the solution gave gentisamide, which 
treatment with charcoal and recrystallization from water 
formed fine white needles, m.p. Yield 60% 
requires 54-9; 4-58; 9-15%. Gentisamide gave 
intense blue colour with reduced ammoniacal AgNO,, 
but gave yellow, instead pink, colour with Lutwak- 
Mann’s (1943) test for gentisic acid. 


RESULTS 
Quantitative studies 


Ether-soluble acid excretion. For the rabbits used 
these studies the average normal excretion 
ether-soluble acid hippuric acid) 
ranged from 635 847 mg./day. Table shows the 
percentage doses the four compounds under 
investigation, excreted ether-soluble acid, calcu- 
lated all cases hydroxybenzoic acid. 
attempt was made fractionate the ether-soluble 
acid, but since, described later, the amounts 
glycine conjugates excreted appear negligible, 
the error introduced assuming that the increase 
acid excretion entirely due m-hydroxy- 
benzoic acids will correspondingly small. 

Excretion reducing material. The average normal 
daily excretion reducing substances (calculated 
glucuronic acid) the rabbits used this 
investigation ranged from 135 219 mg., and 
the average hydrolyzed reducing values from 
176 378 mg. Table summarizes the results 
obtained. 

Excretion ethereal sulphate. The average normal 
daily excretion ethereal sulphate ranged from 
mg. Table shows the percentage doses 
the compounds excreted conjugated with sulphate. 
The results for the acids agree with those obtained 
Williams (1938), but those for the amides are 
much lower, viz. and 10-19% compared 
with 29-40 and 32-44% respectively. The diet 
Williams’s study consisted bran, oats and cabbage, 
while the present study pellets were given. This 
difference diet probably the reason for the 
divergence the results obtained, since with 
hydroxybenzoic acid and amide, when the rabbits 
received the bran, oats and cabbage diet, the values 
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obtained were agreement with those 
Williams (Bray al. 1947); Braunstein, Parschin 
Chalisowa (1931) have investigated the effect diet 
the metabolism phenol, and concluded that 
rabbits acid-forming diet conjugate this com- 
pound greater extent than those alkali- 
forming diet. This particularly marked the case 


Table ether-soluble acid (calculated 
hydroxybenzoic acid) after doses and 
hydroxybenzoic acids and amides* 


Percentage Percentage 

acid amide 

excreted excreted 

Approx. ether- ether- 

Rabbit dose soluble soluble 
no. (g./kg.) acid acid 
Ortho compounds 
117 0-25 
135 0-25 
145 0-25 
147 0-25 
117 0-5 
135 0-5 
145 0-5 
147 0-5 
Meta compounds 

119 0-25 
130 0-25 
140 0-25 
143 0-25 
119 0-5 
130 0-5 
140 0-5 
143 0-5 
119 1-0 
119 1-0 101 
130 1-0 107 
140 1-0 
143 
143 
119 
130 
140 
143 


values Tables and are calculated neglecting 
the formation gentisic acid which excreted conjugated 
with sulphuric acid (Likhatscheff, 1895-6) and probably 
also with glucuronic acid. The fact that gentisic acid itself 
reducing also ignored. 


ethereal sulphate formation. Injection phenol 
(500 mg.) into rabbits the ‘acid’ diet caused 
increase ethereal sulphate excretion mg. 
above the normal value, while with rabbits the 
‘alkaline’ diet, the corresponding increase was only 
mg. The increase ‘mixed’ diet was mg. Our 
observations are accordance with these findings, 
inasmuch the diet used Williams and 
our earlier investigation was ‘acid’ diet and the 
pellet diet this study ‘alkaline’. 
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Table Percentage doses and m-hydroxybenzoic acids and amides 
excreted ester- and ether-type glucuronides* 
Percentage acid excreted Percentage amide excreted 
Cn A 
Approx. dose Ester Ether Ester Ether 
no. (g./kg.) glucuronide glucuronide glucuronide glucuronide 
Ortho compounds 
Meta compounds 


See footnote Table 


Qualitative studies 


Isolation metabolites salicylic acid and salicyl- 

amide 

Gentisic acid (2:5-dihydroxybenzoic acid). Urine 
(24 hr.) was collected from rabbits which had 
received salicylic acid its sodium salt, and 
hydrolyzed boiling for min. with 0-2 vol. 
HCl. was then continuously extracted with ether 
for hr., and the ethereal extract thoroughly 
washed with NaHCO, solution. The aqueous extract 
thus obtained was acidified with and 
extracted with ether. After removal ether the 
ether-soluble material was dissolved water, and 
the resulting solution extracted with chloroform 
until all the salicylic acid was removed indicated 
the FeCl, colour given successive extracts. 
The aqueous solution then gave intense deep blue 
colour with FeCl, and reduced Benedict’s solution 
and ammoniacal AgNO,. evaporation yellow 
syrup remained which yielded fine white needles, 


m.p. After recrystallization from ether- 
light petroleum the m.p. was Yield 
from salicyclic acid. The identity 
this product with gentisic acid (m.p. was 
established the mixed m.p. with authentic 
specimen. (Found: 3-95. Cale. for 
54:6; The methyl ester 
(m.p. mixed with methyl gentisate (m.p. 
gave m.p. 

When similar procedure was applied urine 
from rabbits which had received salicylamide, about 
mg. gentisamide (m.p. were isolated. 
Its identity was confirmed mixed m.p. deter- 
mination, colour with FeCl,, response Lutwak- 
test and reduction ammoniacal 

second experiment with salicylamide urine 
only very small amount crystalline material 
m.p. was obtained. gave similar blue 
colour with FeCl, and contained only 1-54% 
There was not sufficient material for further in- 
vestigation. The product may complex similar 
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the ‘uraminosalicylic acid’ isolated Baldoni 
(1908) and Kapp Coburn (1942) which con- 
tained is, however, perhaps more 
reasonable suggest that the complex from sali- 
cylamide might mixture gentisic acid and 
gentisamide. 


Table Percentages doses and m-hydroxy- 
benzoic acids and amides excreted conjugated with 
ethereal sulphate* 


Percentage Percentage 
acid amide 
Approx. excreted excreted 
Rabbit dose ethereal 
no. (g./kg.) sulphate sulphate 
Ortho compounds 
145 0-25 
147 0-25 
il7 0-5 
135 0-5 
Meta compounds 

130 0-25 
140 0-25 
136 0-5 
138 0-5 
140 0-5 
143 0-5 
119 1-0 
130 1-0 
138 1-0 
140 1-0 
143 1-0 
143 1-0 
130 1-5 
140 


See footnote Table 


2-Carbamylphenylglucuronide. This was isolated 
from salicylamide urine the method described 
for 4-carbamylphenylglucuronide (Bray al. 1947). 
The barium salt could not obtained crystalline 
but the glucuronide itself crystallized readily. Yield 
solution. (Found: 49-8; 4-3; glucuronic 
acid (after min. hydrolysis with 59-02; 
equivalent (by titration) 315. requires 
equivalent 313.) 

Attempted isolation salicyluric acid 
hippuric acid). already mentioned, there has 
been considerable disagreement about the conju- 
gation salicyclic acid with glycine animals, 
although may accepted that this occurs some 
extent man. made several attempts isolate 
salicyluric acid from rabbits’ salicylate urine 
fractionation the ether-soluble acid means 
various solvents (e.g. toluene, light petroleum), but 
every case were able isolate only unchanged 
salicylic acid and hippuric acid. That the failure 
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the rabbit form salicyluric acid was not due 
lack glycine the diet was evident from the 
fact that were still unable isolate 
acid from the urine rabbits which had been given 
glycine (0-3 g.) along with the salicylic acid g.). 
The reliability our technique was shown the 
ease with which isolated salicyluric acid from the 
urine children under salicylate therapy, using 
toluene for fractionation the ether-soluble acid. 
The product had m.p. (mixed m.p. with 
hippuric acid 151°) and contained (Cale. 
for 


Isolation metabolites m-hydroxybenzoic 
acid and amide 


Gentisic acid. probable that this compound 
metabolite both acid and amide. The 
colour given products isolated from hydrolyzed 
m-hydroxybenzoic acid and amide urines was deep 
blue, very similar that given gentisic acid, but 
could not assumed that this was the hydroxy- 
lation product, since 2:3-hydroxybenzoic acid, which 
theoretically possible metabolite, also gives 
blue colour with FeCl, and has similar m.p. (204°). 
The intensity the colour given products from 
acid urine suggested that the 
amount formed was too small encourage the hope 
isolation. Attempts isolate dihydroxybenzoic 
acid from m-hydroxybenzamide urine were made 
methods that described the previous 
section. 

The urine excreted rabbits, each which 
had received m-hydroxybenzamide g.), was hydro- 
lyzed and extracted with ether 
described. The ether-soluble material thus obtained 
was dissolved water, and the solution extracted 
with chloroform, which removed most the 
hydroxybenzoic acid present. The aqueous solution 
was then evaporated dryness, the residue dis- 
solved ether, and this solution extracted with 
solution. The extract was treated for 
the isolation gentisic acid. this way more 
hydroxybenzoic acid, together with some hippuric 
acid, was crystallized. the 
remaining solid from glacial acetic acid gave 100 mg. 
colourless needles, m.p. which gave 
intense blue colour with FeCl,. Further recrystal- 
lizations from water failed raise the m.p. that 
gentisic acid. Other attempts isolation yielded 
similar products whether purification 
fractional crystallization sublimation vacuo 
140°. Analysis indicated the presence about 
1-6% amount similar that the product 
obtained one experiment from salicylamide (see 
above). (Found: 57-3; 1-6. Cale. for 
obtain nitrogen-free product, even after further 
period heating with conc. HCl. That the substance 
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contained gentisic acid (or amide) suggested 
the fact that, heating with pumice powder, 
distillate was obtained which was identified 
hydroquinone mixed m.p. and mixed m.p. the 
acetyl derivatives. Gentisic acid (or amide) the 
only acid (or amide) which would 
give hydroquinone under these conditions. 2:3-Di- 
hydroxybenzoic acid would yield catechol. The dis- 
tillate gave only the feeble fugitive blue-green colour 
with FeCl, typical hydroquinone and sug- 
gestion the stable and definite colours given 
catechol resorcinol. conclude, therefore, that 
gentisic acid (or amide) ametabolite m-hydroxy- 
benzamide, although its isolation and positive identi- 
fication prevented the formation nitrogen- 
containing complex. 

3-Carbamylphenylglucuronide. This compound was 
isolated the method used for the other isomers. 
Crude barium salt (56 g.) was obtained after the 
administration m-hydroxybenzamide. Re- 
crystallization gave product m.p. 270° (decomp.), 
(water; 1). (Found: 3-12. 
itself forms plates m.p. (decomp.), 
49-1; 5-0; glucuronic acid, 64-6; equiva- 
lent (by titration) 339. requires 49-9; 
313.) 

isolation m-hydroxyhippuric acid. 
could not isolate this glycine conjugate from 
acid urine the method used 
successfully for the p-isomer (Bray al. 1947). 
Unconjugated m-hydroxybenzoic acid and hippuric 
acid were readily isolated. were still unable 
isolate m-hydroxyhippuric acid after administering 
glycine g.) the rabbit along with the m-hydroxy- 
benzoic acid g.). interest note that 
acid has not been claimed 
m-hydroxybenzoic acid the rabbit, 
but only man and the dog. have been unable 
confirm the formation this conjugate man. 
Following Quick’s (19326) procedure, m-hydroxy- 
benzoic acid and hippuric acid, but m-hydroxy- 
acid, were isolated from the urines two 
human subjects who had each ingested m-hydroxy- 
benzoic acid g.) with glycine g.). Our investi- 
gation m-hydroxyhippuric acid was rendered 
more difficult our failure prepare it. The 
literature contains only two accounts its pre- 
paration, both cases from m-aminohippuric acid 
(Griess, 1868; Conrad, 1877). Neither provides 


unequivocal evidence for its existence. were 
unable obtain also Fischer’s (1908, 1909) 
carbomethoxy method which satisfactory for the 
o-and p-isomers. should noted that the claims 
neither Baumann Herter nor Quick 
have identified this compound meta- 
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bolite m-hydroxybenzoic acid are supported 
comparison with synthetic specimen. 


DISCUSSION 


Table summarizes the results all our investi- 
gations the metabolism hydroxybenzoic acids 
and amides. evident that there are considerable 
differences between the fates each acid and its 
amide. The degrees hydrolysis the amides are: 
ortho, 4-7; meta, 4-16; para, These values 
are comparable with those obtained from vitro 
studies with liver extracts (Bray, James, Ryman 
Thorpe, 1948), i.e. ortho, meta, para, 
presence group stabilizes the 
group considerable extent, for benzamide itself 
readily hydrolyzed benzoic acid (Bray, Neale 
Thorpe, 1946). 

The investigation reported here raises several 
points interest. The formation gentisic acid 
hydroxylation product salicylic acid and 
gentisamide from salicylamide accordance with 
the general rule put forward previous paper 
(Bray, Lake, Neale, Thorpe Wood, 1948). The fact 
that salicylic acid hydroxylated greater 
extent than salicylamide is, however, unusual, since 
most other cases, e.g. the aminobenzoic acids and 
amides, the opposite true. large number so- 
‘detoxication’ reactions which foreign com- 
pounds undergo the organism may interpreted 
occurring result the formation ‘centres 
for conjugation’ the molecule, groups which 
can conjugated with sulphuric, glucuronic and 
acetic acids, with glycine. Thus, compounds 
which already possess and hydroxyl groups, 
conjugation usually the principal mechanism, 
although relatively small amount hydroxy- 
lation occurs some instances (e.g. p-hydroxy- 
benzoic acid). ‘potential’ centre for conjugation 
present, possible reaction its conversion 
‘actual’ centre, e.g. the oxidation methyl 
group, acetotoluidides (Jaffe Hilbert, 1888; 
Bray Thorpe, 1948), the hydrolysis carbamyl 
group benzamide (Bray al. 1946), 
the reduction aromatic nitro group amino 
m-nitrobenzaldehyde (Cohn, 1893). If, how- 
ever, the ‘potential’ centre not converted this 
way, converted only limited extent, e.g. 
when the carbamyl group stabilized the 
presence another group, the hydroxy- 
amino-benzamides (Bray, Lake, Neale, Thorpe 
Wood, 1948), new centre may introduced 
hydroxylation even if, p-hydroxybenzamide, 
one already present though here the extent 
hydroxylation small. was, therefore, unexpected 
find that salicylamide was hydroxylated 
extent than salicylic acid. The factor which deter- 
mines the extent these reactions probably the 
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Table Metabolites hydroxybenzoic acids and amides rabbit 


Average percentage dose excreted 


Approx. Approx. 

dose Ether Ester Ether 
Compound administered (g./kg.) soluble acid glucuronide glucuronide amide 


Diet: pellets. 


This value low since does not include ether-soluble acid excretion. 
Diet: bran, oats and cabbage (Bray al. 1947). 


availability suitable enzyme systems which the 
compound under consideration acceptable. 
would seem that the configuration salicylamide 
even less acceptable the enzyme responsible for 
hydroxylation than salicylic acid. may noted 
that o-substituted compounds are often 
smaller extent than the corresponding 
p-isomers (e.g. sulphate conjugation hydroxy- 
benzoic acids, acetylation aminobenzoic acids). 
The formation gentisic acid hydroxylation 
product m-hydroxybenzoic acid its amide 
would accordance with our general rule. 
With regard the nature the hydroxylation 
products derived from the hydroxybenzoic acids 
Dakin Herter (1907). well known that 
hydrogen peroxide under various conditions can 
hydroxylate benzene derivatives, giving many 
cases products identical with those formed meta- 
bolites the original compound, e.g. benzene gives 
phenol, catechol and hydroquinone (e.g. Cross, 
Bevan Heiberg, 1900; Baernstein, 1946). Dakin 
Herter found that hydrogen peroxide oxidized 
ammonium salicylate acid 
and the ammonium salts both the and 
isomers protocatechuic acid (3:4-dihydroxy- 
benzoic acid). (In spite several attempts 
failed obtain 2:3-dihydroxybenzoic acid this 
way, although had difficulty isolating proto- 
catechuic acid oxidizing p-hydroxybenzoic 


acid using Dakin Herter’s directions.) 2:3-Di- 
acid has not been reported 
metabolite salicyclic acid, and were unable 
detect the formation protocatechuic acid from 
m-hydroxybenzoic acid, although showed 
metabolite both p-hydroxybenzoic acid and 
its amide (Bray al. 1947). are also investi- 
gating the effect hydrogen peroxide the 
hydroxybenzamides, and hope extend the 
study wider comparison vitro and 
vivo hydroxylation. 


SUMMARY 


acids and their amides the rabbit has been in- 
vestigated. 

excreted ether-soluble acid, ester glucu- 
ronide and ether glucuronide: the corre- 
sponding values for salicylamide are 0-1, 4-6 and 
67-76%. Salicyclic acid does not affect ethereal 
sulphate excretion, but salicylamide 
excreted conjugated with sulphuric acid. 

The percentages m-hydroxybenzoic acid 
excreted ether-soluble acid, ester glucuronide, 
ether glucuronide and ethereal sulphate are 
2-19 and 2-4 respectively. The corresponding 
values for m-hydroxybenzamide are 4-14, 0-16, 
25-60 and 10-19%. 
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From the above results that the 
degree hydrolysis the carbamyl group sali- 
cylamide 4—7 and m-hydroxybenzamide 

and 3-carbamylphenylglucuronides have 
been isolated major metabolites salicylamide 
and m-hydroxybenzamide respectively. 

Gentisic acid (4-5%) has been isolated 
metabolite salicylic acid and gentisamide 
salicylamide. 

Evidence has been obtained the formation 
gentisic acid (or amide) metabolite 
hydroxybenzoic acid and amide. 
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Glycine conjugates and m-hydroxybenzoic 
acids were not detected. 

The fact that salicylic acid hydroxylated 
extent greater than salicylamide 
discussed. 


are indebted the Royal Society for Government 
Grant which defrayed part the cost this work. The 
microanalyses were carried out Drs Weiler and Strauss, 
Oxford. 

The human salicylate urines were obtained from the 
Children’s Hospital, Birmingham, through the kind co- 
operation Prof. Smellie. 
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Growth Factors for Lactobacillus casei 
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have described elsewhere (Chattaway, Happold, 
Lythgoe, Sandford Todd, 1943; Chattaway, 
Happold Sandford, 1944) the presence growth 
factor for Corynebacterium diphtheriae gravis, sub- 
type Dundee, the alcohol insoluble fraction 
obtained extracting liver residues with this sol- 
vent and the separation this factor from 
material stimulating the growth Lactobacillus caset 
the Lb. casei factors being the cresol 
extract. 

The present paper describes the further concen- 
tration and separation the factors promoting acid 
production casei (Chattaway, Dolby 
Happold, 1944), and Factor Dolby, Happold 
Sandford (1944), and considers their relationships 


factors reported stimulatory for this organism 
other workers. Among these factors are fractions 
from liver, fermentation residues and yeast, which 
have been shown members the pteroyl- 
‘glutamic acid (PGA) group components, differing 
from one another having one, three seven 
glutamyl residues respectively (Angier, Boothe, 
Cosulich, Fahrenbach, Hultquist, Hutchings, Kuh, 
Mowat, Northey, Seager, Semb, Sickels, Smith, 
Stokstad, Subbarrow Waller, 1945, 1946; Bloom, 
Calkins, Dell Pfiffner, 1946). The material known 
folic acid the other hand (Mitchell, Snell 
Williams, 1941) probably different from these, 
also the Streptococcus lactis factor (Keresztesy, 
Rickes Stokes, 1943) which has been shown 
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dylmethyl) aminobenzoic acid (Anderson, Arth, 
Folkers, Harris, Kaczka, Mozingo, Southwick 
Wolf, 1947), but has been claimed (Angier al. 
1946) that PGA represents the sole remaining un- 
known growth factor for Lb. casei. The following 
observations various workers indicate that this 
probably not so: 


(1) Williams (1944) has stated that folic acid probably 
consists number closely related compounds with 
differing physiological activity, statement supported 
Hall this Department. 

(2) Mitchell, Snell Williams (1944) reported the absorp- 
tion spectrum folic acid indicating the presence 
xanthopterin nucleus, while that PGA does not. 

(3) Hall has demonstrated differences the 
response Strep. faecalis folic acid, vitamin and 
PGA. 

(4) Elvehjem Teply (1945) found the need for un- 
identified factors other than vitamin the growth 
casei. 

(5) Dolby al. (1944) showed the diphtheriae factor 
present casein and required for the growth 
Lb. casei. They also reported the presence growth factor 
(Factor distinct from the diphtheriae factor, which did 
not affect the amount acid production Lb. casei, but 
which did increase its growth. appears possible 
that this factor might related the strepogenin factor 
Woolley (1941). 

(6) Barton-Wright, Emery Robinson (1944, 1945) 
describe two chloroform-soluble fractions obtained from 
liver which are synergistic for Lb. and not identical 
with folic acid. 


Evidence will presented this paper show 
that our basal medium the addition either 
PGA ‘folic acid’ (7% conen. kindly supplied 
Prof. Williams) produces little response, either 
growth acid production casei, thus 
demonstrating the need this organism for further 
growth factors. 


EXPERIMENTAL 


Organisms and media. The medium used for investigation 
with Lb. casei has been previously described (Chattaway, 
Happold Sandford, 1943); the techniques culture and 
subculture were unchanged. Readings were made after 
hr. and recorded ml. produced. 

the determination ‘folic acid’ activity, Strep. faecalis 
was used; the medium employed was that Guirard, 
Snell Williams (1942) with the addition leucine and 
isoleucine (cf. Dolby Waters, 1944), and using acid 
hydrolysate casein prepared according the method 
Johnson (1941). Acid production was determined 
after hr. and recorded ml. 0-05N-acid produced. 

Preliminary concentration active material. The starting 
material was that fraction from the liver residues (Boots 
Pure Drug Co., Ltd., Nottingham) which was not adsorbed 
fuller’s earth but which was subsequently 
adsorbed norite this pH, and then eluted with 
ammonia-ethanol-water mixture (containing 12% (w/v) 
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50% (v/v) ethanol). The was neutralized, 
concentrated, acidified and extracted repeatedly 
with alcohol. The amyl alcohol-insoluble material 
(water soluble) was then extracted with p-cresol 
and the cresol extract used for the work described below. 


RESULTS 


Separation two synergistic fractions treatment 
with baryta 


Active concentrates prepared the above manner 
gave considerable precipitate saturation with 
baryta, additional quantities being obtained 
the addition volumes methylated spirits 
the baryta-saturated material. The baryta-soluble 
material was found, after removal excess barium, 
show little loss activity compared with the 
original material when tested with Lb. casei. The 
insoluble barium salts, after removal barium, 
showed little intrinsic activity, but when the two 
fractions were tested together low concentrations 
apparent that the original activity was due 
two components. typical set results shown 
Table 


Table Acid production cultures Lactobacillus 
casei inclusion baryta-soluble and insoluble 
fractions 


Additions ml. medium) Acid production 


Baryta Baryta (ml. 0-1 
soluble insoluble ml. medium) 
1-0 
5-2 
0-05 
0-005 1-1 
0-0005 0-2 

1-0 1-4 
0-3 0-9 
0-1 0-6 
0-01 0-2 
0-001 Nil 
0-01 0-01 
0-001 0-01 2-9 
0-0001 0-01 
Nil 


Fractionation the baryta-soluble material 


(a) Phosphotungstic acid. The material was treated with 
excess 50% (w/v) phosphotungstic acid (w/v) 
the precipitate removed and the filtrate freed from 
phosphotungstic acid with There was some loss 
activity (20-30%) the process, but practically the whole 
the remaining activity was this filtrate. 

(b) Picric acid. treatment the 
material with saturated picric acid, small amounts 
picrate separated which always showed slight activity, yet 
there was detectable loss activity the soluble 
fraction after removal excess picric acid ether extrac- 
tion. 


Vol. 


(c) Silver nitrate. Treatment the Ba(OH),-soluble 
fraction with AgNO, acid reactions effected consider- 
able fractionation the active material, the following 
technique being adopted. The solution was acidified with 
excess HCl the cold and NaCl, free and silver salts 
some organic acids were removed stepwise addition 
solid (ppt. 1), the reaction remaining 1-0 
(approx.). excess was then added and the 
reaction adjusted cautiously 4-0 with NaOH; floc- 
culent precipitate, which later darkened, formed and was 
removed (ppt. 2). With further additions NaOH white, 
heavier precipitate (ppt. which was inactive began 
appear 4-5, increasing amount more alkaline 
reaction. The whole activity the Ba(OH),-soluble material 
for Lb. casei was found ppt. the active material was 
recovered treatment with mixed solution saline and 
carefully adjusted give neutral supernatant readily 
separated from the precipitated AgCl. The ‘folic acid’ 
activity measured cultures Strep. faecalis was con- 
centrated mainly ppt. although some remained 
ppt. There was measurable activity ppt. and later 
residue fractions. 

addition ethanol (50 60%, v/v) the aqueous 
solution ppt. inactive white crystalline precipitate 
separated 0°. Addition ether (50%, v/v) gave 
further separation white inactive material the ethanol 
phase. From the ether-water phase, which was orange 
colour, reddish-brown oil began separate, the activity 
being distributed between these two components. 

(d) Lead acetate. Attempts fractionate the 
soluble material treatment with lead acetate 
followed basic lead acetate 7-6 were unsuccessful. 
The active material was found unevenly and variably 
divided between the precipitates and some slight activity 
remained the filtrate. 

(e) Adsorption alumina. The alumina used was 
‘Alumina purified for chromatographic purposes’ (British 
Drug Houses Ltd.). was suspended 40% methanol 
and kept 37° for days, filtered, air-dried room 
temperature for days, suspended 40% methanol 
and poured into column 30cm. The 
column prepared was washed through with 40% 
positive pressure was maintained the column 
during this preliminary washing and during the subsequent 
run with the active material. The material treated, 
dissolved 40% methanol was added the top 
the column, and washed through with acidified 40% 
methanol and the filtrate collected until quite colourless and 
inactive for Lb. casei. Elution was carried out using 
(w/v) Filtrate and eluate fractions were collected and 
concentrated vacuo soon possible, dissolved 
small volume water and adjusted 

The usual procedure adopted with the baryta-soluble 
material was separate into filtrate and (w/v) 
eluate fractions described above, and then pass both 
these fractions, separately, down further alumina columns, 
finally combining all filtrate fractions and all eluate frac- 
tions. All fractions were tested for acid-producing activity 
using Lb. casei and Strep. faecalis The filtrate fractions 
were found almost inactive while the eluate fraction 
contained considerable active material for Strep. faecalis 
indicating that this material probably contains some all 
the components ‘folic acid’ (Mitchell al. 1944). Both 
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fractions contained material active for Lb. casei and they 
were shown synergistic their action. Typical results 
are shown Tables and 


Table Separation baryta-soluble material into 
two active fractions treatment with alumina 


(Baryta-insoluble fraction 0-01 ml. was added all flasks 
Lb. casei tests. Concentrations tested: 
fraction, 310 mg./ml.; Al,O,-eluate fraction, 153 mg./ml.) 


Acid production 


filtrate eluate medium; medium; 
culture) culture) incubation) incubation) 
1-0 7-25 1-2 
0-1 3-45 0-25 
0-01 2-25 Nil 
0-001 Nil 
1-0 4-45 
0-1 
0-01 4-6 
0-001 3-05 
0-0001 0-95 
Nil Nil 1-4 Nil 


Table Synergism between Al,O,-filtrate and 
eluate fractions for Lactobacillus casei 


(No lactic acid was produced when fractions were tested 
individually follows presence baryta-insoluble 
fraction. filtrate, 0-01, 0-001, 0-0001 ml.; Al,O, eluate, 
0-01, 0-001 ml. All figures refer quantities/20 ml. medium 
and hr. incubation.) 


(ml.) (ml.) 
0-01 0-01 1-7 
0-01 0-001 1-65 
0-005 0-005 13 
0-005 0-0005 1-05 
0-0001 0-001 0-15 
0-00005 0-0005 Nil 
Nil Nil Nil 


Fractionation material from silver precipitate 
alumina column 


The orange-yellow pigment and thereddish-brown 
oil obtained from precipitate (see above) were 
bulked, and examined chromatography 
each fraction was collected was concentrated 
dryness vacuo, and redissolved water. The 
fractions were all tested several times with Lb. casei 
the basal medium, with and without both 
fraction the lower limit its activity. They were 
tested for ‘folic acid’ activity with Strep. faecalis 
The results are not completely conclusive, but 
Table which shows the treatment each fraction 
received, also gives summary (columns and 
their activity for both the organisms employed. 
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Table Activities fractions produced from the pigmented fractions 
the silver separation chromatography alumina 


(None the fractions showed any activity for Lb. casei when administered alone with the baryta-insoluble fraction.) 


No. 
Treatment producing fraction 


Pale yellow Ist filtrate fraction 

Colourless 2nd filtrate fraction 
Pale yellow eluate, 20% (v/v) methanol 
Pale yellow 2nd eluate, water for hr. 

Colourless 3rd eluate, (w/v) Col- 


lected prior appearance ‘of first 
pigmented band 


fraction 

Vil Dark brown eluate, 0-5% (w/v) 
7-2 upwards 

yellow 6th eluate obtained after hr. 
washing with 0-5% (w/v) NH, 


These fractions were tested again later and 
fraction III, which had previously been inactive, had 
acquired measurable activity, possibly some ‘folic 
acid-like’ component had slowly hydrolyzed from 
more complex peptide. the cultures where the 
basal medium had aged somewhat, and where the 
controls were consequently positive—a finding 
previously reported and explicable the 
basis the findings Hall this laboratory 
that ‘folic acid-like’ activity develops amino- 
acid-sugar media containing histidine—the above 
fractions, which fresh media gave growth and 
acidity only the presence PGA, did without 
the addition this component. 

These results suggest the presence the filtrate 
fraction active component for Lb. which 
probably not the yellow substance present since 
activity measurably greater the colourless 
fraction II. Another active component present 
association with the pigments present fractions 
and VII. Attempts show synergistic action 
between fractions I-VII were not very successful 
though the critical interpretation such experi- 
ments each stage investigation often 
difficult. The possibility must not overlooked, 
however, that the same similar compounds may 
combined with other groups, say, fractions 
VII, which would modify their behaviour 
the alumina. 

previous work, with repeated ethanol-ether 
precipitations from silver salt similar pre- 
cipitate fraction had been obtained which 
was expected would correspond roughly fraction 
VII. This material was similarly developed upon 
Al,O, chromatogram. The colourless filtrate fraction 
was inadvertently thrown away, but colourless 
water eluate (cf. fraction IV, Table colourless 


Activity 
Lb. 

Strep. faecalis with PGA 
Equivalent 0-001 PGA/ml. Slight activity 
Inactive Active 
Inactive changing active Growth, but acid 
Slightly active Inactive 
Inactive Inactive 
Active Very active 


Active approx. PGA/ml. active 


Active Slightly active 


fraction fraction after treatment with 
(w/v) the main pigment, fraction (pH 
fraction VII); and the colourless eluate were 
obtained. Fraction was the only one give 
unequivocal positive results with Lb. casei, but its 
activity was increased fraction although this 
fraction alone was inactive. These results suggest 
that more than one component present the 
alumina-eluate fraction from the baryta-soluble 
material. 


Properties Al,O, filtrate and eluate fractions 


The effect the following reagents the activity 
the above fractions for Lb. and Strep. 
faecalis was determined, the filtrate fraction being 
tested with Lb. casei only and the eluate fraction 
with both organisms. 


eluate fraction, tested with Lactobacillus casei 


Acid 
production 
Material added medium) (ml. 0-1 

eluate 0-1 
0-075 

0-05 2-6 

Al,O, 0-1 
eluate 0-075 1-4 
0-05 1-1 

HCl-treated Al,O, 0-1 
eluate 0-075 4-0 
0-05 


(a) Nitrous acid. 0-5 ml. each the fractions was 
taken, together with ml. distilled water, mg. 
and ml. dilute HCl and the solution left stand for hr. 
room temperature, evaporated dryness, redissolved 


acid 


was 
hr. 
ved 


Vol. 


water and adjusted (volume ml.). control 
was carried out omitting the NaNO,. Some inhibitory sub- 
stance obviously present the eluate which 
apparent the highest concentration eluate used. The 
filtrate fraction showed inactivation while the 
eluate fraction showed partial inactivation for Lb. (see 
Table 5), and complete inactivation for Strep. faecalis 
These results accord with the previous observation that 
least two components are present the eluate fraction. 
(b) Acetic anhydride. ml. fraction were added 3-2 ml. 
2n-NaOH and 0-2 ml. acetic anhydride. The mixture was 
shaken and cooled ice. Five further additions ml. 
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material being removed from the control chloroform. 
However, when tested against Lb. casei the results were 
difficult assess, components active for this organism 
were removed the chloroform extraction. 

Methanolic The solid residue from each 
fraction was refluxed for hr. with dry methanol saturated 
with dry HCl. Excess reagent was removed vacuo, and 
the residue dissolved water, adjusted and made 
ml. The activity for Lb. casei was almost completely 
destroyed the treatment and attempts regenerate 
hydrolysis were unsuccessful. summary the above 
results given Table 


Table Effect acetylation fraction acid production Streptococcus faecalis 


Acid production 
(ml. 


fraction (ml./ hr. hr. 
ml. medium) incubation incubation 

0-02 9-75 
0-01 3-9 9-7 
0-003 2-9 8-45 
0-001 2-2 
0-0003 1-1 
0-0001 0-4 4-0 
Basal medium Nil 2-7 


Acid production 
(ml. 


Acetylated 
eluate fraction hr. hr. 

ml. medium) incubation 
0-02 Nil 9-3 
0-01 0-4 8-1 
0-003 
0-001 0-9 4-85 
0-0003 0-25 3-4 
Nil 2-65 


Table various reagents the activity fractions from the baryta-soluble material 


filtrate 
Reagent Lb. 
HNO, Full activity 
Acetic anhydride 100% loss 
Ninhydrin Indeterminable 


Methanolic HCl 100% loss 
2n-NaOH and 0-2 ml. acetic anhydride were made min. 
intervals. After min. room temperature the mixture 
was acidified with H,SO, 6-8 and diluted final 
volume ml. The fraction was completely 
inactivated this treatment. The eluate fraction, tested 
against Strep. faecalis was apparently inactive the 
cultures were examined after hr. incubation, but the 
organism could slowly utilize the acetylated material which, 
hr. incubation, was almost active the original 
material (see Table 6). oversight, the acetylated 
eluate fraction was not tested with Lb. casei, but crude pre- 
parations treated have not shown any great loss 
activity, and since growth continued for hr. with this 
organism, likely that great inactivation would have 
been demonstrated. 

(c) Ninhydrin. ml. one third saturated KH,PO, 
solution were added ml. each fraction and 120 mg. 
ninhydrin. After boiling for min. sufficient alanine was 
added react with excess ninhydrin. The mixture was 
again boiled, extracted with chloroform remove the 
coloured products, the insoluble material centrifuged off and 
the aqueous solution adjusted 6-8 and diluted 
ml. ml. the same fraction ml. the phos- 
phate solution was extracted with chloroform and used 
control. The filtrate showed 80% inactivation with 
ninhydrin, active material being extracted from the 
control chloroform. The eluate fraction tested against 
Strep. faecalis showed 25% inactivation, active 


eluate 
— 


Strep. faecalis 
loss 
loss 
25% loss 


Lb. 


Partial loss 

little loss 
Indeterminable 
100% loss 


Fractionation the baryta-insoluble material 


large proportion the active material 
could extracted from aqueous solution chloro- 
form. Some active material was extracted 
which appeared similar that extracted 
Portions this material, prior chloroform 
extraction, were treated with the same reagents 
the baryta-soluble fractions, the results being shown 
Table 


Table Effect various reagents baryta- 
insoluble material 


Effect activity 


Reagent Lb. casei Strep. faecalis 
HNO, loss loss 
Acetic anhydride loss loss 
Ninhydrin Full activity Full activity 


Methanolic HCl 100 loss loss 
Response Lactobacillus casei baryta-soluble 


fraction, pteroylglutamic acid and ‘folic acid’ 


The three materials were tested separately, and 
PGA and the baryta-soluble fraction were also 
examined for synergism. Typical results are shown 


jion.) 
were 
give 
its 
the 
| 
, 
ivity 
on 
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Table Neither PGA nor folic acid tested 
our medium show activity comparable with that 
reported Angier al. (1945), and Mitchell al. 
(1941), since PGA claimed 50% active 
medium. This fact and the higher 
titrations obtained with the baryta-soluble fraction 
demonstrate the existence unidentified factors 
essential for the growth Lb. purified 
media. There some evidence for synergism between 
PGA and the baryta-soluble fraction, but this effect 
was not expected very pronounced the latter 
contained traces PGA. 


Table Effect baryta-soluble fraction, pteroyl- 
glutamic acid and folic acid acid production 


Lactobacillus casei Acid production 

Baryta- after hr. 

Folic soluble incubation 

PGA acid fraction (ml. 

‘ml. medium) medium) ml. medium) medium) 
Nil 
0-025 2-0 
5-0 2-9 
0-50 2-0 
0-05 0-3 
0-005 0-4 
0-6 0-7 
0-1 0-6 
0-01 0-2 
5-0 2-50 6-6 
5-0 0-025 2-4 
0-05 2-50 
0-05 0-025 

DISCUSSION 


There are considerable discrepancies the claims 
made the growth requirements Lb. casei. 
The variations basal media used different 
laboratories may account for many these differ- 
ences. generally recognized that such materials 
casein and peptone contain quantities vitamins 
sufficient affect micro-organisms, and standard 
procedure adopted for the removal these con- 
taminants. particular, emphasis may placed 
the methods preparation casein digests. 
these laboratories, digestion carried out with 
acid followed precipitation with 
litharge and then with barium sulphide. 
can demonstrated that most the Lb. 
active material removed from liver concentrates 
lead precipitates this pH. Several groups 
American workers, however, prepare digest with 
sulphuric acid followed neutralization with 
baryta, process which does not remove appreciable 
Lb. casei activity from liver fractions. 

Using our casein digest the medium for the 
experiments, the growth factors present liver 
extract, additional the diphtheriae factor and 
the chloroform-soluble factors Barton-Wright 
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al. (1944), have been separated into the following 
components: (1) factor factors insoluble 
saturated baryta; and (2) least three factors 
soluble saturated baryta and silver nitrate 
1-0—a filtrate fraction which not adsorbed 
alumina and two fractions which are 
adsorbed, one which eluted with 20% (v/v)- 
methanol water and the other with (w/v) 
ammonia. These three components have properties 
dissimilar both PGA and the folic acid Mitchell 
al. (1941). The greatest concentration folic acid- 
like material was found the silver salts insoluble 
(from the baryta-soluble material) which 
contained none the components discussed above. 

The differential action ninhydrin and nitrous 
acid, and esterification and acetylation upon the 
activity the (w/v) ammonia-eluate material 
for Strep. faecalis and Lb. casei, confirms that there 
are two components present this material. The 
fact that the above chemical treatment affects the 
filtrate fraction and the baryta-insoluble fraction 
dissimilarly one another and the above 
ammonia-eluate material evidence that have 
four separate and distinct factors. 

The possibility that folic acid-like compounds 
might split during fractionation from more com- 
plex components, which themselves show activity 
immediately separation, complicated studies such 
these, and, indeed, there some evidence 
support such view. This does not, however, in- 
validate the claim that several active and synergistic 
compounds are present the starting material. The 
difficulty obtaining adequate supplies 
which had caused work cease these fractions 
for over two years, makes the publication these 
results desirable. 

SUMMARY 


The presence demonstrated further un- 
identified growth factors for Lactobacillus casei, 
present liver. 

The crude material contains factor factors 
insoluble baryta, and least three factors soluble 
saturated baryta. 

The baryta-soluble factors may further 
separated treatment with alumina; two com- 
ponents are adsorbed and may separated 
fractional elution, and one present the filtrate. 

The effect number chemical reagents 
the activity these components has been studied 
and shown distinguish them from the 
glutamic acid group factors and from folic acid. 


Waters the examination some the chemical pro- 
perties the materials described this paper; thank the 
Medical Research Council for grant support the work; 
Boots Pure Drug Co., Ltd., Nottingham, for gifts liver 
concentrates and Roche Products Ltd., for grant and gifts 
materials. 
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most the early studies the distribution 
the lipids the brain large samples tissue were 
used, and the various fractions isolated, more less 
quantitatively, the classical differential solubility 
techniques. Extensive reviews this work have 
been given Page (1937) and Bloor (1943). 

investigate experimentally degenerative con- 
ditions the nervous system, methods must 
available which require only small samples tissue. 
recent years many such micro methods have been 
reported. the experiments described this paper 
the micro methods present use this laboratory 
have been applied normal brain tissue. 


METHODS 
Reagents. All reagents used were A.R. grade, and all 
solvents were freshly redistilled the day use. 
Extraction lipids 


The brain was dissected out soon possible after the 
animal had been killed. small sample tissue g.) 
was rapidly weighed, and extracted modification the 


method Bloor (1929). was ground mortar with 
small quantity acid-washed, ether-extracted sand, and 
successively extracted with ethanol portions), 
ml. 1:1 ethanol-ether mixture portions) and ml. 
ether portion). Each extract was filtered turn through 
ether-extracted Whatman no. filter paper into 
500 ml. volumetric flask, and the contents the flask 
finally made volume with this procedure, 
which the proportion solvent tissue was greater than 
that usually adopted, the lipids were completely extracted 
from brain tissue. verify this, the insoluble residue was 
extracted for hr. with ether continuous extraction 
apparatus, followed further hr. with methanol. The 
combined extract was found contain neither cerebroside 
nor cholesterol and only negligible quantities phospho- 
lipid. When the same procedure was applied liver tissue, 
however, was found that considerabie phospholipid 
fraction was not extracted. 

Three separate samples the ether-ethanol 
extract were placed 60° water bath, and evaporated 
just dryness under reduced pressure and atmo- 
sphere N,. The residue was extracted successively with 
eight ml. portions light petroleum (b.p. 40-60°) and the 
light petroleum evaporated down ml. 60° water 
bath. The phospholipids were precipitated adding 
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After centrifuging, the clear supernatant liquid 
was decanted into ml. volumetric flask. The ppt. was 
washed with ml. acetone and the acetone washings were 
added the ml. volumetric flask which was then made 
volume with acetone. The ppt. was dissolved ml. 
1:1 methanol-ether mixture, and transferred quanti- 
tatively ml. volumetric flask which was made 
volume with 1:1 methanol-ether mixture. 

All analyses were done triplicate, the sample for 
the cerebroside estimation being taken from the original 
ethanol-ether extract, those for the cholesterol from each 
the three ml. volumetric flasks containing the acetone- 
soluble material, and those for the phospholipids from each 
the three ml. volumetric flasks containing the meth- 
anol-ether solution. 

Free and total cholesterol were estimated ml. the 
acetone solution modification the method 
Schoenheimer Sperry (1934), incorporating improvements 
suggested Sperry Brand (1943) and Sobel Mayer 
(1945). The colour was read Coleman Universal spectro- 
photometer 620 

Cerebrosides were estimated the method Brand 
Sperry (1941) which the galactose liberated hydro- 
lysis estimated the ceric sulphate titration procedure 
Miller Van Slyke (1936). Six ml. samples were taken 
from the original ethanol-ether extract and, these, three 
were hydrolyzed, and three treated exactly the same way, 
except that the hydrolysis was omitted. Eriogreen proved 
more satisfactory indicator than either setopaline 
the o-phenanthroline ferrous complex suggested 
Macy (1942). was found that more reproducible results 
could obtained the unhydrolyzed well the hydro- 
lyzed sample was neutralized chlorophenol red before the 
clarification procedure. 

Phospholipids. The procedure adopted for the determina- 
tion the various phospholipids was the same that 
described Hack (1947). depends the observation 
that the monoaminophospholipids, lecithin and kephalin, 
are completely hydrolyzed n-KOH 18hr. 37° 
whereas, under these conditions, there hydrolysis 
sphingomyelin. The total acid-soluble the hydrolysis 
mixture measure the lecithin and kephalin present 
(Schmidt, Benotti, Hershman Thannhauser, 1946) and 
the choline measure the lecithin (Hack, 1947). The 
difference between the total and the total acid-soluble 
the hydrolysate measure the sphingomyelin, and 
the difference between the molecular equivalents mono- 
aminophospholipid and choline gives the molecular equiva- 
lents kephalin. 

For the estimation total lipid ml. was taken from 
the ml. volumetric flask containing the methanol-ether 
solution the phospholipids, and the total was deter- 
mined the method Fiske Subbarow (1925). The 
phospholipid was calculated the basis 


total phospholipid =total lipid 25. 


The monoaminophospholipid was estimated the re- 
maining ml. the methanol-ether solution which was 
evaporated under reduced pressure 60° volume 
After the addition ml. N-KOH, the tube was 
stoppered and shaken 37° for hr. 0-5 ml. this 
solution, pipetted into centrifuge tube, there were added 
0-1 and ml. 10% (w/v) trichloroacetic acid. 
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The centrifuge tube was stoppered, shaken, and kept for 
1-2 hr. room temperature. After centrifuging, the solu- 
tion was filtered through Whatman no. filter paper, 
and the total estimated ml. the trichloroacetic acid 
filtrate (representing 1-28 ml. the methanol-ether solu- 
tion) the method Fiske Subbarow (1925). After 
correction had been made for the various dilutions, the 
monoaminophospholipid was calculated the basis 
trichloroacetic acid filtrate 25. 

estimate the lecithin was obtained determining 
the choline the hydrolysate what was essentially the 
method Glick (1944). the remainder the hydrolysate 
(equivalent 21-7 ml. the methanol-ether solution) there 
was added drop (w/v) thymolphthalein ethanol, 
followed glacial acetic acid, drop drop, until the blue 
colour disappeared. The solution was filtered through 
Whatman no. filter paper, and washed with three ml. 
portions distilled water. 

the filtrate was added ml. (w/v) ammonium 
reineckate methanol, and the tube kept the refrigerator 
overnight for the precipitation the choline. The remainder 
the procedure was carried out described Glick 
(1944), except that the choline reineckate was dissolved 
final volume acetone, and the colour density 
measured Coleman Universal spectrophotometer 
standard solution containing choline 
chloride was taken through the same time. After cor- 
rection had been made for the various dilutions, the lecithin 
was calculated the basis 

lecithin =choline (as choline chloride) the 

trichloroacetic acid filtrate 5-56. 

The sphingomyelin and kephalin were calculated 
follows 

sphingomyelin =total phospholipid 

kephalin monoaminophospholipid lecithin 


RESULTS 


The concentration cerebroside, cholesterol and 
phospholipid guinea pig, cat and rabbit brain 
given Table and Table gives the concentration 
the individual phospholipids, lecithin, sphingo- 
myelin and kephalin. the experiments reported 
these two tables the investigations were done 
whole brain, attempt being made separate 
grey matter from white matter. will seen that 
the distribution pattern the lipids was similar for 
each species studied. 

Table shows the cerebroside, cholesterol and 
phospholipid concentration both grey matter and 
white matter from brains the cat, dog, beaver and 
man, while Table shows the concentration each 
the individual phospholipid fractions which con- 
stitute the total phospholipids. 

The figures Tables are terms mg./ 
100 mg. fresh tissue. seen that, this basis, 
there was greater concentration cerebroside, 
total cholesterol, and total phospholipid the white 
matter than the grey for every species studied 
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Table Lipids normal brain, expressed mg./100 mg. fresh tissue (mean mean) 


No. Free Total Ester Total 

animals Cerebroside cholesterol cholesterol cholesterol phospholipids 
Rabbit 2-21+0-06 0-05 5-40+0-18 


Table Phospholipids normal brain, expressed mg./100 mg. fresh tissue (mean mean) 


Sphingomyelin Kephalin 
(total 
lipid less phospholipid 


No. Total Monoamino- monoamino- less 
animals phospholipids Lecithin phospholipid) lecithin) 


Table Lipids grey matter and white matter normal brain, expressed mg./100 mg. fresh tissue 


Free Total Ester Total Total 

Cere- chole- chole- chole- phospho- ‘essential 
broside sterol sterol sterol lipid lipids’ 
Cat Grey matter 1-10 1-24 1-29 0-05 454 6-93 
White matter 4-83 4-42 4-42 0-00 8-18 17-43 
Cat Grey maiter 1-86 1-19 1-20 0-01 4-03 7-09 
White matter 5-37 4-64 4-64 0-00 7-73 17-74 
Dog Grey matter 1-49 1-29 1-36 0-07 4-20 7-05 
White matter 6-79 5-39 5-39 0-00 8-95 21-13 
Dog Grey matter 1-54 1-29 1-30 0-01 4-19 7-03 
White matter 7-42 4-86 4-86 0-00 7-99 20-27 
Beaver: Grey matter 0-68 1-16 1-18 0-02 3-70 5-56 
White matter 4-16 4-16 0-00 7-22 16-23 
Human Grey matter 1-20 1-00 1-00 0-00 3-12 
White matter 4-61 3-69 4-00 0-31 6-24 14-85 
Human Grey matter 0-96 0-97 0-01 3-48 5-08 
White matter 3-83 3-84 0-01 6-80 14-78 


Table Phospholipids grey matter and white matter normal brain, 
expressed mg./100 mg. fresh tissue 
Sphingomyelin Kephalin 


(total phos- (monoamino- 

pholipid less phospholipids 
Total Monoamino- monoamino- less 

phospholipids phospholipids Lecithin phospholipids) lecithin) 

Cat Grey matter 4-54 3-86 0-68 
White matter 8-18 6-02 2-16 
Cat Grey matter 4-03 3-29 1-35 0-74 1-94 
White matter 7-73 3-95 3-78 2-59 
Dog Grey matter 4-20 3-26 0-77 0-94 2-49 
White matter 8-95 4-66 1-65 4-29 3-01 
Dog Grey matter 4-19 3-28 1-23 0-91 2-05 
White matter 4-95 1-62 3-04 3-33 
Beaver: Grey matter 3-70 2-90 0-69 0-80 2-21 
White matter 7-22 4-54 2-68 3-41 
Human Grey matter 3-12 2-82 0-61 0-30 2-21 
White matter 6-24 3-64 0-90 2-60 2-74 
Human Grey matter 3-48 2-93 1-16 0-55 1-77 
White matter 6-80 4-99 1-49 1-80 3-50 
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(Table 3). Each the individual phospholipids 
(lecithin, sphingomyelin and kephalin) was present 
greater concentration the white matter than 
grey, but far the greatest difference was the 
sphingomyelin fraction (Table 4). 

Table the various lipid fractions have been 
expressed percentage the ‘essential lipid’, i.e. 
percentage the sum the cerebroside, total 
cholesterol and total phospholipid. this basis 
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DISCUSSION 


The methods used allow triplicate estimations all 
the substances measured done samples 
tissue small 500 mg. single determinations 
only are done, samples weighing little 100 mg. 
may used. 

The extraction procedure and the published 
methods for the estimation both free and total 


Table Distribution lipids normal brain, expressed percentage ‘essential lipids’ 


Total 

Cere- chole- 

broside sterol 

Cat Grey matter 15-8 18-6 
White matter 27-7 

Cat Grey matter 26-3 16-9 
White matter 30-3 26-1 

Dog Grey matter 21-4 19-2 
White matter 25-4 

Dog Grey matter 21-9 18-4 
White matter 24-0 
Beaver: Grey matter 12-3 21-4 
White matter 29-9 25-8 

Human Grey matter 22-6 18-8 
White matter 31-1 26-9 

Human Grey matter 12-4 19-1 
White matter 28-0 26-0 


seen that, compared with grey matter, white 
matter contained relatively more cerebroside and 
cholesterol and less individual 
phospholipids, however, white matter contained 
relatively more sphingomyelin and less lecithin and 
thus, even although the concentration 
total phospholipid white matter was less 
‘essential lipid’ basis, the concentration sphingo- 
myelin was greater. follows, therefore, that the 
percentage sphingomyelin the total phospho- 
lipid fraction must greater white matter than 
grey. This was observed (Table 6). 


Table Distribution phospholipids normal 
brain, expressed percentage total phospholipids 


Sphingo- 

Cat Grey matter 14-9 

White matter 47-6 

Cat Grey matter 33-4 18-2 48-4 
White matter 18-4 48-0 33-6 

Dog Grey matter 18-3 22-4 59-3 
White matter 18-6 47-4 34-0 
Dog Grey matter 29-2 49-0 
White matter 20-3 38-1 41-6 
Beaver: Grey matter 18-6 21-6 59-8 
White matter 15-7 47-2 
Human Grey matter 19-5 9-7 70-8 
White matter 41-7 44-0 
Human Grey matter 33-2 15-8 51-0 
White matter 21-9 26-6 


Total 
phospho- Sphingo- 

lipid Lecithin myelin Kephalin 
65-6 9-8 
47-0 22-4 
56-8 18-8 10-5 27-5 
43-6 7-6 21-4 14-6 
59-4 10-7 13-6 
42-5 20-2 14-6 
59-7 17-4 13-1 29-2 
39-4 8-0 15-0 16-4 
66-3 12-4 39-6 
6-9 16-6 
58-6 11-4 41-5 
42-0 6-0 17-5 18-5 
68-5 10-8 35-0 
46-0 10-1 12-2 23-7 


first sphingomyelin was measured the reineckate 
method developed Thannhauser and his col- 
leagues (Thannhauser Setz, Thannhauser 
Benotti, 1938). This method, combined with the 
estimation the choline-containing phospholipids, 
was used for determining the phospholipid distri- 
bution tissues described Thannhauser, 
Benotti Reinstein (1939), and adapted for small 
samples tissue Erickson, Avrin, Teague 
Williams (1940). The reineckate method proved un- 
satisfactory our hands, however, and in- 
teresting note that has also been criticized 
Hack (1946), Schmidt al. (1946) and Thannhauser, 
Benotti Boncoddo (1946). 

There are few reports the literature the 
distribution the lipids the brain the guinea 
pig, rabbit and cat, and, far know, none 
that the beaver. The figures presented here are 
comparable those reported for dog brain 
Erickson al. (1940), for brain Kaucher, 
Galbraith, Button Williams (1943) and for rat 
brain Williams, Galbraith, Kaucher, Moyer, Allen 
Macy (1945). 

The finding that there was greater concentration 
cerebroside, cholesterol and sphingomyelin 
white matter than grey matter agreement 
with the work Randall (1938) and Yasuda (1937), 
who found that there was greater concentration 
cholesterol and phospholipid white matter than 
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grey. The greater concentration cholesterol 
white matter has also been observed Petrowsky 
(1873), Thudichum (1901) and Kirschbaum Linnert 
(1912), and the greater concentration cerebroside 
Petrowsky (1873) and Smith Mair (1912-13). 

the present study was shown that, wet 
weight basis, there was greater concentration all 
three phospholipids—lecithin, sphingomyelin, and 
kephalin—in the white matter than the grey, but 
that the increase was chiefly the sphingomyelin 
fraction. This confirmation the observation 
Schmidt al. (1946), who found that the 
concentration, wet weight basis, sphingo- 
myelin the white matter brain was much 
greater than that the grey matter. 

The figures reported for the relative concen- 
trations lecithin, sphingomyelin and kephalin for 
grey matter are similar those obtained for whole 
brain other workers using the method Thann- 
hauser, Benotti Reinstein (1939). For instance, 
Thannhauser, Benotti, Walcott Reinstein (1939) 
for human brain, Erickson al. (1940) for dog 
brain, Kaucher al. (1943) for brain, and 
Williams al. (1945) for rat brain found that the 
concentration sphingomyelin was roughly the 
same that lecithin, and that the concentration 
kephalin was much greater. white matter the 
concentration sphingomyelin relative that 
lecithin was found much greater than grey, 
whereas the concentration kephalin relative 
that lecithin was not greatly different. 

White matter thus seen characterized 
high concentration ‘essential lipid’, there being 
relatively more cerebroside, cholesterol and sphingo- 
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myelin than present grey matter, with little 
difference the case lecithin kephalin. This 
was found true for all the species studied, the 
cat, dog, beaver and man, and tempting 
speculate that the cerebroside, cholesterol and 
sphingomyelin, rather than lecithin and kephalin, 
that form the basis ‘myelin’. 


SUMMARY 


The concentration cerebroside, free chole- 
sterol, total cholesterol, total phospholipid, lecithin, 
sphingomyelin and kephalin has been determined 
the whole brains series guinea pigs, cats and 
rabbits. 

Similar studies have been made both the 
white matter and grey matter from brains the 
cat, dog, beaver and man. 

wet weight basis, there was greater 
concentration cerebroside, total cholesterol, total 
phospholipid, lecithin, sphingomyelin and kephalin 
white matter than grey matter. 

Referred total ‘essential lipid’ the concen- 
tration cerebroside and total cholesterol was 
greater white matter than grey, while the con- 
centration total phospholipid was less. However, 
the concentration sphingomyelin was greater 
white matter, this being offset decrease the 
concentration both lecithin and kephalin. 


This work, preliminary report which was presented 
the Biological Chemistry Division the Chemical 
Institute Canada June 1948, was aided grant 
from the National Research Council Canada. Thanks 
are due Norval Burt for skilful technical assistance. 
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order study experimentally the changes which 
occur the distribution the lipids peripheral 
nerve when undergoes degeneration, methods had 
developed which demanded only sample 
tissue. this paper the application the 
methods present use this laboratory 
normal peripheral nerve described. 


METHODS 


Analyses were made the sciatic nerves rabbits, 
cats, dogs and beaver, and the sciatic nerves 
emoral nerves number humans. The nerve was 
dissected out soon possible after death and the lipids 
were extracted and estimated the methods described 
previously (Johnson, McNabb Rossiter, 1948). The con- 
centration free cholesterol, total cholesterol, cerebroside, 
total phospholipid, monoaminophospholipid and lecithin 
was measured directly, and, from these figures, the values 
for ester cholesterol, sphingomyelin and kephalin were 
calculated. 


RESULTS 


cholesterol and phospholipid, for each nerve studied 
given Table and the concentration lecithin, 
sphingomyelin and kephalin, the individual phos- 
pholipids which make the total phospho- 


lipid fraction, Table The figures each these 
tables are terms mg./100 mg. fresh tissue. 
Table each the lipid fractions given 
percentage the ‘essential lipid’, while Table 
each the individual phospholipids—lecithin, 
sphingomyelin and kephalin—is given per- 
centage the total phospholipid. 


DISCUSSION 


The classical work the distribution the lipids 
peripheral nerve that Falk (1908), who found 
the following relative concentrations lipid 
medullated nerve: cholesterol, 25-0; kephalin, 
lecithin, and cerebroside, 18-2. the present 
investigation, which more refined methods have 
been used for determining the distribution the 
lipids, the results are considerably different. 
Randall (1938), study human nerve, found 
that the concentration phospholipid was 
cholesterol and cerebroside 1-6%, referred 
wet weight. general our results for human nerve 
substantiate those Randall, but the latter did not 
attempt distinguish between the various phos- 
pholipid fractions. most the human nerves 
studied, the concentration the various lipids was 
found slightly less than that reported 


Table Lipids peripheral nerve (expressed mg./100 mg. fresh tissue) 


Free 

Cere- chole- 

brosides sterol 

Rabbit (S) 2-94 2-68 
Rabbit (S) 2-61 2-67 
Rabbit (S) 3-23 3-65 
Cat (S) 2-88 
Cat (S) 1-48 3-56 
Cat (S) 2-82 3-74 
Cat (S) 1-99 2-87 
Dog 2-88 3-07 
Dog 1-97 2-43 
Beaver (S) 1-34 3-15 
Patient (S) 2-54 1-51 
Patient (F) 0-94 1-37 
Patient (S) 1-09 1-25 
Patient (F) 1-35 1-44 
Patient (S) 1-30 1-16 
Patient (F) 1-33 1-48 


Total Ester Total 

chole- chole- phospho- 

sterol sterol lipid lipid’ 
2-70 0-02 5-21 10-85 
2-80 0-13 5-79 11-20 
3-69 0-04 6-81 13-73 
3-23 0-04 6-21 12-32 
3-64 0-08 5-88 11-00 
3-75 0-01 7-27 13-84 
2-89 0-02 6-28 11-16 

3-10 0-03 11-37 
2-78 0-00 12-07 
2-43 0-00 10-02 
0-00 10-34 
1-65 0-14 8-00 
1-37 0-00 2-22 4-53 
1-29 0-04 3-09 5-47 
1-44 0-00 2-97 5-76 
1-17 0-01 2-40 
1-53 6-18 


nerve; =femoral nerve. 
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Table Phospholipids peripheral nerve (expressed mg./100 mg. fresh tissue) 


Total Monoamino- 

phospholipid phospholipid 
Rabbit (S) 5-21 2-74 
Rabbit (S) 6-81 2-94 
Cat 6-21 3-22 
Cat 7-27 2-76 
Cat (S) 6-28 3-13 
Dog (S) 5-39 2-09 
Dog 5-14 2-23 
Dog (S) 5-62 2-38 
Beaver (S) 5-85 2-68 
Patient (S) 3-81 1-49 
Patient (F) 2-22 0-89 
Patient (S) 3-09 1-23 
Patient (F) 2-97 1-28 
Patient (S) 2-40 0-76 
Patient (F) 3-32 1-61 


nerve; =femoral nerve. 


Table Distribution lipids peripheral nerve (expressed percentage ‘essential lipid’) 


Total 
Cere- chole- 
broside sterol 

Rabbit (S) 24-9 
Rabbit (S) 23-3 25-0 
Rabbit (S) 23-6 26-8 
Cat (S) 23-4 26-2 
Cat (S) 13-4 33-1 
Cat (S) 20-6 26-5 
Cat (S) 25-9 
Dog (S) 34-4 23-0 
Dog 19-7 24-2 
Beaver 13-0 30-4 
Patient (S) 31-7 20-7 
Patient (F) 20-9 30-2 
Patient (S) 19-7 
Patient (F) 23-3 25-1 
Patient 26-6 24-1 
Patient (F) 24-8 
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Sphingomyelin 
(total phos- Kephalin 
pholipid less (monoamino- 
monoamino- phospholipid 
Lecithin phospholipid) less lecithin) 
0-67 2-47 2-07 
0-66 2-25 2-88 
1-10 3-87 1-84 
0-72 2-99 2-50 
0-72 2-63 2-53 
1-01 4-51 1-75 
0-96 2-17 
1-03 3-30 1-06 
1-01 2-91 1-22 
0-72 3-24 1-66 
0-72 3-17 1-96 
0-64 2-32 0-85 
0-31 1-33 0-58 
0-35 1-86 0-88 
0-43 1-69 0-85 
0-35 1-64 0-41 
0-46 1-71 1-15 
Total 
phospho- Sphingo- 
lipid Lecithin myelin Kephalin 
48-0 6-2 22-8 19-0 
51-7 6-0 20-3 25-4 
49-6 8-2 27-9 13-5 
50-4 24-1 20-5 
53-5 6-6 23-9 23-0 
52-9 32-8 12-7 
56-3 8-5 28-4 19-4 
47-4 9-1 29-0 9-3 
42-6 8-4 10-1 
56-1 7-2 32-4 16-5 
56-6 6-9 30-8 18-9 
47-6 29-1 10-7 
48-9 6-7 29-4 12-8 
56-0 5-9 33-9 16-2 
51-6 29-4 14-7 
49-3 33-8 8-4 
53-7 18-6 


S=sciatic nerve; =femoral nerve. 


Randall. However, our material came from older 
patients, the ages the four patients studied being 
54, 68, and years. Randall has reported that, 
diabetic and arteriosclerotic gangrene, there 
decrease the concentration each the 
‘essential lipid’ constituents nerve, obser- 
vation confirmed for other degenerative con- 
ditions. 

Another point consider that the material 
studied came from the proximal end the nerve, 
where the nerve large and the incorporated fibrous 
connective tissue much greater. This, feel, explains 
why, wet weight basis, the concentration 
‘essential lipid’ human nerve was found less 
than that the rabbit, cat, dog and beaver, where 
the nerves were smaller and connective tissue less. 


Despite the fact that the concentration each the 
lipid fractions was found less human nerves, 
the distributions the three fractions which make 
the ‘essential lipids’, and the individual phos- 
pholipids, were very similar the human and 
animal nerves. 

There are few data the literature for the dis- 
tribution the lipids the peripheral nerves the 
rabbit, cat, dog and beaver. Schmidt, Benotti, 
Hershman Thannhauser (1946) estimated total 
pnospholipid and monoaminophospholipid concen- 
tration three cat nerves. They found 8-6 and 
phospholipid, which 50, 44-5 and 
was sphingomyelin; these figures are the same 
order ours. They also found that sphingomyelin 
formed only 20% the total phospholipid rat 
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nerve, value lower than that for any the species 
investigated the present study. 


Table Distribution phospholipids peripheral 
nerve (expressed percentage total phospholipid) 


Sphingo- 
Lecithin myelin Kephalin 
(%) 
Rabbit (S) 12-9 47-4 39-7 
Rabbit (S) 11-4 38-9 49-7 
Rabbit 16-2 27-0 
Cat (S) 11-6 48-2 40-2 
Cat (S) 12-2 44-8 43-0 
Cat (S) 14-0 62-0 24-0 
Cat (S) 15-2 34-5 
Dog 19-1 61-2 19-7 
Dog 19-6 56-6 
Dog 12-8 29-5 
Beaver (S) 12-3 54-4 
Patient (S) 16-5 61-1 22-4 
Patient (F) 13-6 60-2 26-2 
Patient (S) 60-2 28-5 
Patient (F) 14-5 57-0 28-5 
Patient 68-4 17-1 
Patient (F) 13-8 34-7 


S=sciatic nerve; =femoral nerve. 


The relative distribution cerebroside, chole- 
sterol and phospholipid was roughly peri- 
pheral nerves all the species studied. This also 
roughly the distribution the ‘essential lipids’ 
brain tissue the same species (Johnson al. 1948). 
When one examines the distribution the various 
constituents the phospholipid fraction, however, 
difference between peripheral nerve and brain 
tissue becomes apparent. all the species studied 
sphingomyelin, whereas the corresponding figure 
for whole brain tissue 20% The figure for 
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brain white matter, however, and general the 
distribution all the lipid constituents peripheral 
nerve bears much greater resemblance the lipid 
distribution the white matter the brain than 
either that the grey matter that the brain 
whole. This particularly apparent when the 
lipids are presented percentages total ‘essential 
lipid’, and is, perhaps, hardly surprising when one 
considers that high percentage the lipids both 
the white matter the brain and peripheral nerve 
make the ‘myelin’ sheath. The chief 
difference between the lipid distribution peri- 
pheral nerve and that white matter the brain 
that, peripheral nerve the percentage 
sphingomyelin somewhat greater, while the per- 
centage kephalin and cerebroside somewhat 
less. 
SUMMARY 


The cerebroside, free cholesterol, total chole- 
sterol, total phospholipid, lecithin, sphingomyelin 
and kephalin concentrations peripheral nerves 
from the rabbit, cat, dog, beaver and man have been 
determined. 

The distribution the ‘essential lipids’ (cere- 
brosides, total cholesterol and total phospholipid) 
and the individual phospholipids more closely 
resembles the distribution the white matter the 
brain than that either the grey matter whole 
brain. peripheral nerve, however, there 
relatively more sphingomyelin and less kephalin and 
cerebroside than brain white matter. 


This work was aided grant from the National 
Research Council Canada. Thanks are due Norval 
Burt for skilful technical assistance. 
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The liver arginase the rat decreases following 
adrenalectomy (Fraenkel-Conrat, Simpson Evans, 
1943; Folley Greenbaum, 1946; Kochakian 
Vail, 1947), and lactating rats the mammary- 
gland arginase behaves similarly (Folley Green- 
baum, 1946). possible that the decline 
lactation caused adrenalectomy (see, e.g., Cowie 
Folley, connected with the decrease 
mammary-gland arginase, for there evidence 
(Folley Greenbaum, 1947a) that this enzyme 
system plays important role the metabolism 
the lactating mammary gland. 

Since adrenalectomy often followed 
marked reduction food intake (see Ingle, 1944), 
important find out whether the depressed tissue- 
arginase levels characteristic adrenalectomized 
animals are primary consequence the loss the 
adrenals merely secondary consequence the 
post-operative anorexia. Particularly this for 
lactating rats, which the food intake rises rapidly 
and steadily over the first days the lactation 
period value some three times that pregnancy, 
that even though the effect adrenalectomy 
during lactation prevent this rise rather than 
cause actual fall, the disparity food intake 
between adrenalectomized and intact rats soon 
becomes very marked (Cowie, Folley, French 
Greenbaum; 1948). 

investigation this question the paired 
feeding method described below. The arginase 
levels the kidney were studied addition those 
mammary gland and liver, since Kochakian 
Vail (1947) have reported that the kidney arginase, 
like that liver and mammary gland, decreased 
after adrenalectomy. 


EXPERIMENTAL 


Hooded Norway rats were used, approx. 5-6 
months old and their first lactation. The diet 
was the latest version the stock diet used this colony 
which the parts whole wheat have been replaced 
wheat germ (see Cowie Folley, 1948). The technique 
paired feeding, including certain small obligatory dietary 
modifications, was used previous study Cowie 
Folley (1948). Litters were reduced birth and the 
mothers adrenalectomized sham-operated the 4th day, 
with autopsy the 17th day. 

Tissue-arginase determination. Enzyme assays were made 
tissue homogenates made described previously (Folley 


Greenbaum, liver, ‘abdominal’* mammary glands 
and kidney being dispersed for min. into and 
parts respectively normal saline. The homogenates were 
fully activated with after preparation (see Folley 
Greenbaum, that the results give the presumed 
levels enzyme protein the tissues. was shown 
previously (Folley Greenbaum, that, view 
difficulties present unsurmountable the way deter- 
mining the degree activation the ‘native’ arginase 
system, the ‘potential’ arginase, given the activity 
homogenates, probably the most bio- 
logically significant determination that can made, parti- 
cularly since such evidence have indicates that the 
enzyme almost fully activated the tissues our rats. 

The determinations were made the method Folley 
Greenbaum the reaction being carried out 37° 
and 9-45 presence The reaction 
times were follows: liver, min.; mammary gland, 
min.; kidney, The results are expressed 
arbitrary arginase units defined Folley Greenbaum 
(1948a). previous study (Folley Greenbaum, 
the mammary-gland results have been expressed 
‘milk-free’ tissue basis, the lactose content milk, 
secreted adrenalectomized and pair-fed sham-operated 
rats, being assumed the same for normal lactating 
rats. Since this assumption may not quite true (see 
discussion Folley Greenbaum, the results for 
the mammae the two former groups may subject 
slight error. 

RESULTS 

Table gives data relating the body weights the 
rats, organ weights, and milk content the mam- 
mary tissues, etc. The tissue-arginase levels are 
given Table the mammary glands only the 
‘abdominal’ ones were considered suitable for this 
work, and thus was impossible calculate the 
total mammary-gland arginase activity per 100 
rat; instead, values for the total ‘abdominal’ 
mammary-gland arginase per 100 rat are given. 

Table shows that the arginase activities the 
tissues sham-operated rats pair-fed with adrenal- 
ectomized rats were not significantly different from 
those controls fed lib. (see probabilities 
Table 3). The total liver and ‘abdominal’ mammary- 
gland arginase values were, however, significantly 
diminished the pair-fed controls due marked 
reduction the size these organs (Table 1). The 
total arginase the kidney, which decreased very 


the pair abdominal and the two pairs inguinal 
glands. 
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Table Body weights and weights organs lactating rats autopsied the 17th day lactation 
Wt. 
Mean daily ‘abdominal’ 
food intake mammary Milk 
Body wt. between glands (corr. content 
No. days Liver Kidney for milk mammary 
4th day and17 wt. wt. content) 
(g-) (g-) (g-) (g-) (%) 
(fed lib.) (209-286) (234-302) (11-7-17-0) 
(pair-fed) (232-318) (175-230) (1-45-1-80) (21-9-35-6) 
(fed lib.) (246-338) (226-298) (2-3-3-9) 


For each group the range given parentheses. 


Table Arginase content tissues lactating rats autopsied the 17th day lactation 


Liver 
No. 
Units/g. Units/100 
Treatment rats moist tissue rat 

(fed (1211-1626) (5850-8950) 
(pair-fed) (1141-2045) (4640-7300) 

Adrenalectomized 488+30 2105+114 
(fed (336-612) (1540-2520) 


‘Abdominal’ mammary 


glands Kidney 
Units/g. Units/100 Units/g. Units/100 
moist tissue rat moist tissue rat 
162+9 277418 
(116-188) (199-366) (44-55) 
147+10 193+11 
(93-185) (37-61) (31-52) 
(13-35) (16-46) (22-33) (14-21) 


The results are expressed arbitrary arginase units (Folley Greenbaum, For each group the mean given 


with and the range parentheses. 


Table Values ‘P’ for comparisons between mean values given Table 


Liver arginase 


Mammary-gland arginase Kidney arginase 


Units/g. Units/g. Units/100g. 
Comparison tissue rat tissue rat tissue 
Control pair-fed control 0-28 0-01 0-28 0-001 0-86 0-49 
Control adrenalectomy <0-0002 <0-0002 <0-0002 <0-0002 <0-0002 <0-0002 
Pair-fed control adrenalectomy <0-0002 <0-0002 <0-0002 <0-0002 <0-0002 


The figures given are probabilities calculated the test (see Fisher, 1938). 


little size response the reduction food 
intake, was, however, the same both groups. 

the adrenalectomized rats there was con- 
siderable and unequivocal decrease the arginase 
levels all three tissues below those the pair- 
fed controls, both when the results were expressed 
per moist tissue total enzyme per 100 rat 
(see probabilities Table 3). The mammary-gland 
arginase concentration was reduced most (to ap- 
proximately one seventh) and that the kidney 
least (to approximately one half). 

The abdominal mammary glands both the 
adrenalectomized rats and the pair-fed controls were 
not only smaller than those controls fed lib. 
(Table 1), but contained less retained milk. This was 
keeping with the fact that lactational performance 
was subnormal both groups. Body-weight losses 
during the experiment were much higher the pair- 
fed controls, previously observed Cowie 
Folley (1948), and before were probably connected 


with the abnormal spontaneous activity exhibited 
these rats. 

The weighted mean relative arginase activities 
the liver, mammary gland and kidney rats each 
group are given Table the normal lactating 


Table Relative arginase contents tissues 
lactating rats autopsied the 17th day lactation 
(weighted means) 


Sham- Sham- Adrenal- 
operated operated 
(fed (pair- (fed 
lib.) fed) lib.) 
Liver 100 100 100 
Mammary gland 11-6 9-6 
Kidney 


rats the liver contained approximately nine times 
much arginase the mammary gland and about 
twenty-eight times much the kidney. the 
pair-fed controls the relative potencies were not 
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much disturbed, but the adrenalectomized rats 
the mammary gland contained only about 
the arginase the liver, whilst the relative activity 
the kidney had increased somewhat. 


DISCUSSION 


This work shows that adrenalectomy the lactating 
rat followed reduction the arginase acti- 
vities the liver and mammary gland, and confirms 


our previous findings (Folley Greenbaum, 1946) 


which were based method for arginase-activity 
assay open certain objections kinetic grounds 
(see Folley Greenbaum, further shows, 
agreement with Kochakian Vail (1947), that 
adrenalectomy decreases the kidney-arginase levels. 
addition, the present results demonstrate clearly 
that the arginase levels adrenalectomized rats 
were significantly lower than those pair-fed con- 
trols, was indicated preliminary experiment 
under slightly different conditions (Folley Green- 
baum, 19476). From this might argued that 
post-operational anorexia cannot the primary 
cause the diminution tissue-arginase levels. 
There are certain points take into consideration, 
however, but first worth noting, additional 
evidence the importance arginase relation 
the secretory activities the mammary gland, that 
the mean values for the total ‘abdominal’ mammary- 
gland arginase, which may taken measure 
the total mammary-gland enzyme available the 
body, for the three groups rats, varied directly 
the respective lactational performances these 
groups, for which the litter-growth indices (Cowie 
Folley, were follows: controls (fed lib.), 
13-0; pair-fed controls, 11-2; adrenalectomized rats, 
6-1 (Cowie al. 1948). 

the mammary gland, adrenalectomy leads not 
only decline functional activity, but possibly 
also some progressive structural involution 
long-term experiments such these (see Levenstein, 
1937; Folley Greenbaum, Part the 


observed decrease mammary-gland arginase might 


therefore accounted for this basis, since 
might held that were assaying glands which 
contained considerable proportions stromal tissue, 
the arginase content which, the basis our 
previous determinations involuted glands (Folley 
Greenbaum, 1947a), would almost certainly 
low. seems improbable, however, that much 
the effect could due this cause because 
killing the adrenalectomized rats were still lactating, 
even considerably reduced level; and Leven- 
stein (1937) found that his adrenalectomized 
lactating rats there wasnot muchalveolar involution, 
with its increase the proportion 
stroma parenchyma, long the young were 
still alive (up days after adrenalectomy the 
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day following delivery). Moreover, the pair-fed con- 
trols had, anything, even smaller mammae than 
the adrenalectomized rats, but the arginase content 
was not significantly below that controls fed 
lib. would seem, therefore, that with the mam- 
mary gland, probably also with the kidney, the 
reduced arginase content was primary consequence 
adrenalectomy, and not due anorexia 
involutionary increase the proportion stroma 
parenchyma. noteworthy that, although 
adrenalectomy causes slight reduction the Qo, 
the high (glucose) values (Folley French, 
1948) values near unity, the same happens 
pair-fed controls (Cowie al. 1948). The behaviour 
the mammary-gland arginase system face 
adrenalectomy thus stands contrast that 
the mammary enzyme systems concerned the 
metabolism glucose, and may indicate specially 
intimate, though not necessarily direct, relationship 
between the adrenal cortex and the arginase system. 

The case the liver somewhat more complex. 
these experiments, previous pair-feeding 
experiments lactating rats (Cowie Folley, 1948), 
the pair-fed controls showed marked hyperactivity 
and lost considerable weight during the experiment. 
The kind body tissue catabolized was not deter- 
mined, but if, seems certain, included protein, 
one might expect that the liver-arginase levels 
would tend maintained, particularly since the 
liver itself decreased size. Takehara (1938) has 
indeed reported increased liver-arginase concen- 
trations fasted rats. the same diminished food 
intake the rats, however, lost re- 
latively little weight but lactated less intensely than 
the pair-fed controls. Lactation seems require 
enhanced liver-arginase content (Folley Green- 
baum, that, both counts, these rats 
the demands the urea-forming machine the 
liver would less than the pair-fed controls; 
consequently decrease the liver arginase might 
anticipated, apart from reduction due dis- 
turbance any direct relationship between adrenal- 
cortical hormones and liver arginase. Anorexia 
would possibly have different influence the 
liver arginase the presence and absence the 
adrenals respectively, any rate during lactation, 
and the interpretation the results paired feeding 
experiments accordingly complicated. Whether 
adrenalectomy lowers the liver-arginase content 
because the reduction protein catabolism due 
the decreased food intake, whether anorexia 
itself represents adjustment decrease 
protein catabolism due loss adrenal cortical 
intervention some point the mechanism 
responsible for deamination and excretion waste 
nitrogen (e.g. the liver-arginase system), thus 
impossible present analogy with the 
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changes noted the arginase 
levels the mammary gland and kidney, however, 
would seem reasonable conclude that anorexia 
the primary cause the decrease the liver 
arginase following adrenalectomy. 

The use arginase-assay method kinetically 
more sound (see discussion Folley Greenbaum, 
used previously for the purpose 
(Folley Greenbaum, 1946), together with the intro- 
duction ofa means making least approximate 
correction the results for the milk retained the 
tissue, has enabled make re-evaluation the 
arginase activity the mammary gland relation 
other arginase-containing tissues the lactating 
rat, which considerably more favourable the 
mammary gland than our previous estimate. Since 
have now found that, the intact lactating rat, 
the mammary gland exhibits about three times the 
arginase concentration the kidney, our previous 
conclusion (Folley Greenbaum, 1946) that the 
mammary gland the second most abundant source 
mammalian arginase amply confirmed. These 
calculations course refer the total ‘activatable’ 
enzyme (presumably the total enzyme protein), but 
not anticipated that the results would much 
upset were possible determine the concen- 
tration the active Mn** protein (see Folley 
the tissues. Our liver/kidney 
ratio lower than the ratio reported Kochakian 
(1944) for the mouse. Assuming, analogy with 
the constancy the concentration alkaline 
phosphatase the rat kidney during pregnancy, 
lactation and involution (Folley Greenbaum, 
that the kidney arginase does not increase 
lactation, this discrepancy could accounted 
for, least partly, the increased liver-arginase 
content during lactation (Folley Greenbaum, 
1947a). 
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SUMMARY 


Liver, kidney and mammary-gland arginase 
levels rats, adrenalectomized the 4th day 
lactation and autopsied the 17th day, were 
significantly lower than those pair-fed sham- 
operated lactating rats. Arginase per moist tissué 
was reduced most the mammary gland (to one 
seventh) and least the kidney (to one half). 

The tissue-arginase levels sham-operated 
lactating rats pair-fed with adrenalectomized rats 
were not significantly lower than those sham- 
operated rats fed lib., save the case total 
arginase the liver and the ‘abdominal’ mam- 
mary glands, the reduction which was each case 
due decrease the size the gland glands 
concerned. 

concluded that the results indicate closer 
relationship between adrenal-cortical hormones and 
the arginase the mammary gland and kidney than 
would the case the decrease the enzyme 
concentration were due primarily post-operative 
anorexia. Reasons are advanced for the belief that 
the diminution liver arginase following adrenal- 
ectomy also not primarily due anorexia. 

Are-evaluation the relative arginase activity 
the mammary gland, relation that other 
tissues the intact lactating rat, indicates that liver 
contains nine times the amount mammary tissue 
and twenty-eight times the amount kidney. These 
ratios are much the same intact lactating rats 
reduced food intake, but adrenalectomized rats 
the activity the mammary gland relative the 
liver falls slightly below that the kidney. 


are indebted Kon for placing the facilities 
his rat colony our disposal; Cowie for per- 
forming the adrenalectomies and Watson for 
technical assistance. 
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The remarkably high concentration vitamin 
unripe walnuts (Juglans regia) appears have been 
first reported Gerghelezhiu (1937), and has been 
confirmed Pyke, Melville Sarson (1942) who 
also examined number allied species and genera. 
Melville, Wokes Organ (1943) showed that unripe 
walnuts and nuts from allied species may also con- 
tain considerable amounts apparent vitamin 
the provisional term suggested Wokes, Organ, 
Duncan Jacoby (1943) describe substances 
occurring certain foods, and, although not pos- 
sessing the potency vitamin not 
distinguished from the indophenol dye titration 
usually carried out. Differentiation between true 
and apparent vitamin walnuts can, however, 
effected modifications Lugg’s (1942) formalde- 
hyde method (Mapson, 1943; Wokes, Organ 
Jacoby, 1943). 

During the last four years have studied the 
distribution true and apparent vitamin 
different tissues the walnut intervals through- 
out the season, estimating them the minute 
amounts material permitted the high concen- 
tration the vitamin. Our data provide informaioon 
the possible functions and phytosynthesis 
vitamin which may applicable other plant 
material containing this vitamin. 


METHODS 
Collection material 


The majority the samples were taken from typical tree 
regia growing Kew, and the results were checked 
tree Kew and others Berkhamsted and King’s 
Langley. The material was once put into air-tight boxes 
and transported quickly possible the laboratory, 
where was either examined immediately stored the 
refrigerator. Tests showed that there was significant loss 
vitamin during transport, and very little change 
moisture content except leaves, where much 10% 
might lost between collection and dissection. view, 
however, the variable moisture content the leaves 
collected different times day, and also probable 
changes weight through varying metabolic activity 
during the day, adopted Chibnall’s (1923) procedure and 
expressed our results the basis fresh weight. Since our 
findings were largely comparative not think this 
procedure led serious errors far leaves were con- 
cerned. With fruits, stems, buds, catkins and other parts the 
moisture losses were insignificant. 


Preparation extracts 


Nuts. The walnut drupe-like fruit which the outer 
green husk derived from two whorls fused bracts. 
this paper the epidermis and few subjacent cell layers are 
referred epicarp, and the bulk the green husk 
belonging the inner bracts mesocarp. The white inner 
portion, which eventually becomes woody, corresponds 
with endocarp and consists two carpels. The testa 
seed coat well developed early stage. The endosperm 
remains fluid until the fruit almost full size, the shell 
beginning harden before the endosperm replaced 
the embryo. attempt was made separate these tissues 
from one another and follow the seasonal changes 
vitamin content them. Shallow cuts were made along the 
line union the two carpels, which were forced apart and 
the undamaged kernel obtained free from adherent endo- 
carp. The epicarp was then removed thin slices, followed 
the mesocarp, and finally the endocarp was cut small 
pieces. Separation mesocarp from endocarp was en- 
sured rejecting adjacent parts these tissues. 
separate sample was required the liquid contents the 
kernel young nuts, this was obtained piercing the un- 
broken testa with fine-pointed teat pipette and with- 
drawing the liquid suction. Any the liquid coming 
contact with endocarp was removed filter paper. When 
sample the larger whole nut was taken, the first cut 
along the carpellary junction was followed second cut 
right angles, each cut being taken right the centre 
include the kernel. The two diagonally opposite quarters 
were taken for duplicate samples the whole nut, and the 
remaining two quarters used for samples epicarp, meso- 
carp and endocarp. 

Peduncle fruit stalk. With the object studying 
gradients vitamin within the plant rough separation 
phloem from xylem and other tissues was effected. the 
fruit stalk longitudinal slices cortex were cut off until the 
circular zone pericyclic fibres was reached, determined 
their paler colour. Continuing with longitudinal slices, 
the tissues from the pericyclic fibres the cambium were 
included phloem, and those inside the cambium 
xylem and pith. 

Stem. ring bud scale scars marked the limit the 
previous year’s growth. Samples cortex with phloem 
the current year were obtained peeling off the bark, 
which came away readily the cambium. The remaining 
white cylinder consisted xylem with pith. older bark 
the phloem could separated from the cortex careful 
dissection. 

Leaves. The petiole was freed from its swollen base. The 
petiolar cortex was separated from the remaining tissues 
removing longitudinal slices until the zone pericyclic 
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fibres was reached. The green tissue the leaflets, con- 
sisting mainly mesophyll, was separated cutting along 
the midrib and its main branches. 

Buds and catkins. The cone-like male catkin buds were 
readily identified reproductive shoots but female catkin 
buds are not differentiated regia. Since the nuts always 
develop from terminal buds, the terminal and lateral buds 
both vegetative and reproductive shoots were examined 
separately. 

Roots. These were separated into fine and coarse but were 
not dissected. order minimize losses through enzymic 
action all pieces cut off were placed immediately tared 
weighing bottles containing HPO;. Stainless steel knives 
and safety-razor blades were used. 


Estimations 


Dye titrations. Visual estimations ‘total’ vitamin 
were made substantially described Harris Olliver 
(1942) for true vitamin the end point being persistence 
the pink colour for sec,, and care being taken with the 
timing when there was sufficient apparent vitamin present 
affect the rate reaction with the dye. ‘Apparent’ 
vitamin was estimated the method Wokes, Organ 
Jacoby (1943). The methods Mapson (1943) and Snow 
Zilva (1944) applied occasionally, when sufficient material 
was available, showed certain discrepancies because they 
not make adequate allowance for the effect the titration 
the dye titration value, which has been shown 
very marked walnut material (Wokes, 1946). ‘True’ 
vitamin was usually determined indirectly subtracting 
apparent from total vitamin was occasionally estimated 
directly the ascorbic acid-oxidase method, based the 
fact that the apparent vitamin walnuts acts much more 
slowly with the enzyme than does true vitamin When 
calculating the concentration apparent vitamin the 
latter was assumed have the same dye titration value 
ascorbic acid. Evidence will given later support 
assumption. 

Potentiometric estimations were made the method 
Harris, Mapson Wang (1942) for true vitamin with 
certain modifications advantageous when apparent vitamin 
present (Wokes, Organ Jacoby, 1943). 

Dehydroascorbic acid. Estimations this substance 
the H,S-reduction method showed that could only have 
been small percentage the total vitamin content 
(e.g. leaves 3-4%, nuts 3-5%, endocarp 5%). Since 
sufficient material for accurate determination these 
minute amounts was often lacking, such estimations were 
usually omitted. 

measurements. These were made with Cambridge 
portable meter, also used the potentiometric estima- 
tions. 


RESULTS 


Oxidizing enzymes and tissues 


Study these enzymes the technique previously 
applied tomatoes (Wokes Organ, 1943) showed 
that the tissues, when examined 6-5, can 
placed the following decreasing order oxidative 
activity—epicarp, mesocarp, endocarp, kernel. The 
natural the endocarp usually below 
causing further decrease activity. the other 
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hand, the natural the epicarp seems always 
above and may reach causing increase 
oxidative activity. The the mesocarp may 
above very small nuts, but gradually falls 
during growth and may below full-grown 
nuts. Hence, when dissecting walnut fruits for 
vitamin assay, particular care should taken 
with the epicarp and mesocarp. these tissues are 
disintegrated, oxidizing enzymes may destroy half 
the vitamin and apparent vitamin within few 
minutes. avoiding prolonged exposure cut 
surfaces air, and dividing the tissues into not 
too small pieces, which were dropped immediately 
into HPO, solution, the losses due oxidizing 
enzymes are believed reduced small pro- 
portion error. Green tissues outside the 
nuts, such fruit stalk, stem, leaves and buds, 
appear usually neutral and contain con- 
siderable amounts the oxidizing enzymes, and 
similar precautions are necessary. 


Whole fruits (nuts) 


Table summarizes our results nearly 100 
regia nuts, most which came from the main tree 
Kew. They skow that the average concentration 
vitamin very young nuts was 
500-1000 the nuts grew, this con- 
centration first rapidly increased, being doubled 
within fortnight, and reached peak about 
2000 mg./100 when the nuts weighed 
the Kew samples this peak occurred 1944 towards 
the end June and 1945 about fortnight earlier. 
1946 maturation was later than 1945, the 
average concentration June being less than 
May 1945. After the peak concentration was 
reached the nuts continued grow rapidly, but the 
vitamin concentration gradually diminished, being 
only half two thirds the peak concentration 
when the nuts were fully grown. Hence the total 
amount vitamin given nut increased more 
and more slowly during the later stages matura- 
tion, and usually reached its maximum before the 
nuts were fully grown. then remained fairly con- 
stant for several weeks, until formation the woody 
shell began, when fell rapidly. These findings the 
main Kew samples were confirmed results nuts 
taken from other trees 


Different tissues the nuts 


These were obtained from nuts belonging the 
same samples that provided the data whole nuts 
summarized Table the smallest nuts was 
not possible separate epicarp completely from 
mesocarp. The figures for these two tissues the 
first two three samples are, therefore, less accurate 
than those for later samples the season (Table 2). 
larger nuts, where differentiation between epicarp 
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Table Seasonal changes vitamin concentration walnuts 
(Nuts samples and were too small examined individually and therefore were pooled. Weights nuts 
taken immediately before examination not differ more than from weights taken from tree.) 
alls Average 
wt. Vitamin (mg./100 g.) Vitamin 
for Sample Date No. nuts (mg./nut, 
no. gathered nuts Individual nuts Mean mean) 
(a) From main tree 
cut 2060 1940 1920 2090 2000 
not July 2065 2045 1915 2010 201 
20-3 1450 1615 1675 1690 1610 327 
17-5 1495 1575 1390 1530 1500 262 
22-6 1563 1335 1405 1563 1467 332 
Aug 24-9 1155 1180 1295 1210 301* 
21-7 1150 1280 1215 264 
May 1945 0-3 Pooled 928 
and June 1-75 1848 1789 1819 
1490 1442 1468 1467 205 
July 25-2 1007 1357 1042 1135 286 
29-7 999 1022 972 998 297 
Aug. 32-0 905 1256 882 1014 329 
was (b) From other trees 
June 1944 10-6 2035 2025 2060 2036 216 
led 2k3 June 1945 18-5 2037 1770 1732 1849 342 
1938 1934 1683 
Excluding woody portion. 
rds Table Seasonal distribution vitamin different tissues walnut fruits 
(The number nuts each sample and date collection are given Table The following figures are the sample 
the averages.) 
han Vitamin (mg./100 g.) 
Sample 
the no. Fruit stalk Epicarp Mesocarp Endocarp Testa Endosperm 
270 940 815 2980 
ore 235 985 1000 2855 
the 1075 740 2280 
on- 980 750 2120* 
the 220 1160 1170 3150* 
273 342 1290 1532 
330 782 1202 2641 
189 918 986 2655 
272 992 931 3083 
246 1002 916 2406 
134 921 784 1991 
the 267 913 706 1800 
316 408 547 1728 
‘om 1195 1085 3140 
the 2k3 1410 1203 2678 
ate These results are averages endocarp excluding wood. wood included, average results for samples and are 
1790 and 1410 respectively. 


These results were obtained whole kernel, including both testa and endosperm. 
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and mesocarp was more complete, the concentration 
vitamin the epicarp was sometimes but not 
always higher than the mesocarp. The peak con- 
centration was generally reached later date 


WOKES AND MELVILLE 


1948 


Table Loss vitamin during dissection 
walnuts 


(a) Dissection nut 31/3 


the epicarp than the mesocarp endocarp. The 
concentration the endocarp was always much 
higher than other tissues, but fell rapidly when Wt. tissue Content 
lignification the shell began. seemed possible (mg./100 g.) (mg.) 
that, during the dissection the epicarp and 2-23 921 20-5 

carp, vitamin occurred which might explain Endocarp 1991 
why the concentration this vitamin these two 2-64 
tissues was much lower than the endocarp. We, Total 295-4 


therefore, compared the sum the results the 
different tissues number dissected nuts with 
those whole nuts from the same samples (Table 3). 


Average vitamin concentration 1007 mg./100 


Vitamin concentration (mg./100 g.) 


Allowing for the weights the different tissues, the whole nut 31/1 1357 
results the dissected nuts were very similar whole nut 31/2 1042 
those the corresponding whole nuts, ranging from Mean 1200 
119 and averaging the latter nuts dissected nut 31/3 1007 
from five samples. We, therefore, felt satisfied that dissected percentage whole nuts 

Percentage assumed loss during dissection 


our findings were not being affected seriously loss 
vitamin during dissection. The kernels always 
contained very little vitamin but the concen- 
tration the testa was always higher than the 
endosperm, when separation these two tissues was 
effected. These findings the main Kew samples 
1944 and 1945, confirmed results other 
samples made difficult assume that 
the large amount vitamin the endocarp had 
come entirely, even mainly, from the epicarp and 
mesocarp where the concentration was always much 
lower. We, therefore, considered another possi- 
bility translocation the vitamin from the leaves. 


which scarcely exceeds sampling error 


Leaves 


whole leaflets from the main Kew tree the 
average concentration vitamin was found 
highest the earlier part the season (May and 
June) and fall from peak 
less than half this concentration the season 
progressed 4). These leaflets were the same 
shoots as, and therefore adjoined, the nuts the 
corresponding samples Tables and Being 
nearest the nuts, they formed the most likely 


Table Vitamin walnut leaves and stems 


Vitamin (mg./100 g.) 


Main stem: 

Sample Date Whole Vascular cortex and 

no. gathered Mesophyll tissue Rachis Petiole phloem 

May 1945 876 930 458 308 353 
908 1039 557 391 170 153 
June 838 970 530 447 264 192 
1037 1137 756 383 339 305 
755 758 477 293 151 
698 869 287 239 102 
July 878 483 275 176 112 
553 668 260 202 104 635 
Aug 530 715 231 171 105 239 
Sept. 503 520 150 171 708 
741 621 340 322 255 217 
230 530 438 122 
June 814 853 750 475 445 235 
1048 1161 804 450 350 245 
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source any vitamin passing into the latter from 
the leaves. The weight each leaflet increased 
rapidly during the first few weeks after unfolding 
the bud, but had become fairly constant the 
beginning June. The amount vitamin each 
leaflet reached maximum about mg. June 
July and then fell gradually. The total amount 
vitamin the leaves examined after this date was 
perhaps the amount the nuts borne 
the corresponding shoots. Examination different 
leaflets leaf showed marked variation 
vitamin concentration, the lowest concentration 
being usually not more than below the highest 
concentration. our dissection leaflets differ- 
entiation mesophyll from vascular tissue, though 
necessarily incomplete, was sufficiently efficient 
reveal marked differences between the vitamin 
concentrations the two tissues; that the meso- 
phyll always being much higher. The peak concen- 
tration the mesophyll coincided with that the 
whole leaflet. test for any loss vitamin during 
dissection the leaflets compared number 
leaflets the sum the results obtained the dis- 
sected mesophyll and vascular tissue the 
with the concentration vitamin found the 
corresponding whole leaflet the opposite side 
the leaf. Allowing for the weights the dissected 
tissues, there was good agreement between the dis- 
sected and whole leaflets throughout the period when 
nuts were the trees, the weighted mean concen- 
tration the dissected leaflets ranging from 
110, and averaging the concentration the 
corresponding whole leaflets samples collected 
from May September. three samples older 
leaves collected and October the per- 
centages fell 76, and respectively, probably 
because the oxidizing enzymes were liberated more 
from the senescent cells. However, for the 
period when nuts were the tree felt satisfied 
that our findings were not being seriously affected 
loss vitamin during dissection. 

When studying the possible translocation 
vitamin from the mesophyll the leaf other 
parts the walnut tree determined its concen- 
tration the rachis and petiole through which 
would have pass route the stem. Data from 
samples summarized Table show that there 
always fall concentration passing from the 
vascular tissue the leaflets through the rachis 
the petiole. Separation the cortex and phloem 
the petiole dissection from the xylem and pith 
showed that the concentration vitamin the 
outer tissues was three four times that the inner, 
whereas the proportions weight were approxi- 
mately equal. The concentration the outer tissues 
was, therefore, least twice that the rachis 
petiole. This distribution suggests that the vitamin 
translocated mainly, not entirely, the phloem. 
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was not possible separate the phloem com- 
pletely from other tissues for vitamin deter- 
mination, but estimate the amount phloem 
present from transverse sections suggests that the 
concentration the phloem probably not less 
than three times that reported for the whole rachis 
and petiole Table 

should stated that invariably our results 
the mesophyll and vascular tissue the leaf, the 
rachis, petiole and the cortex and phloem the 
stem were obtained samples taken from adjoining 
parts the same shoot. 


Stem 


The outer tissues, cortex and phloem were usually 
separated from the xylem and pith. The concen- 
tration vitamin the former was found 
three four times that the xylem and pith and 
the results from samples are included Table 
These were all obtained from stems the current 
year’s growth which the leaves analyzed 
were attached. order, however, obtain more 
complete picture the distribution vitamin 
different parts the stem, extended our obser- 
vations other parts the stem, including the 
previous last year’s growth and still older 
parts originating far back 1920. Stems were 
also examined the winter when leaves were 
absent. The data samples, collected between 
August 1944 and October 1946, are summarized 
Table The wide variations from one sample 
another are due probably varying amounts 
brittle cortex adhering the phloem. Examination 
the separated phloem number samples low 
vitamin (e.g. nos. 21, 22, 26, 27) showed that 
about twice much vitamin was present the 
phloem alone the combined tissues. The dis- 
section cortex from phloem was tedious pro- 
cedure needing hr. obtain sufficient 
quantity for assay, and time was not always 
available prepare replicates from all the samples. 
However, our data suggest that the concentration 
vitamin the phloem stems the current 
year usually above 200 mg./100 and may reach 
peak between 600 and 1000 mg./100 The con- 
centration the phloem older stems usually 
lower than that the current year. 


Buds and catkins 


The difference vitamin concentration between 
the lateral and terminal buds vegetative shoots 
any one sample was found smaller than that 
between either lateral terminal buds successive 
samples. During the autumn and winter when the 
buds were very small therefore economized 
material pooling lateral and terminal buds, the 
results being quoted for vegetative buds 
Table There was likewise significant difference 
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Table Seasonal distribution vitamin buds, catkins and stem 


(Older stem sample scorresponded growth previous years back 1920. ‘Reproductive buds’ were terminal buds 
reproductive shoots, which might produce female flowers. year’s growth; year’s growth.) 


Stem (cortex and phloem) 


Sample Date 
no. gathered 
Aug. 1944 135 
170 
Jan. 1945 499 147 
Feb. 113 298 
Mar. 185 130 
May 353 379 
June 192 163 
305 119 
635 267 
Aug. 239 173 
Oct. 335 260 
217 240 
275 217 
272 278 
327 184 
Jan. 1946 202 160 
122 
June 235 199 
July 245 354 


Vitamin (mg./100 g.) 


Buds 
Male 
Older Veg. Reprod. catkins 
270 
106 
174 109 
270 200 130 
210 
100 180 
163 460 
178, 401 266 603 
328 199 169 
170 505 
315 232 133 
500 946* 
617 1068* 
108 507 
293 
194 
231 
203 
287 
378, 226 873 
70, 141 
175 197 1001 
406 825 
492 207 
396 403 
226 525 
150 220 
364 
236 214 115 
159 100 
1042 
542 
192 338 420 


Results obtained female catkins. 


shoots during the autumn and winter, when the 
concentrations were similar those the buds 
from the vegetative shoots, i.e. 225 and 211 mg./ 
100 respectively. the spring there were 
increases vitamin concentration both types 
bud shortly before they opened. After this the 
concentration fell average about 200 mg./ 
100 the unopened vegetative buds. the 
autumn when reproductive buds were again avail- 
able the vitamin concentration both kinds 
buds had fallen still lower level. 

Male catkin buds, account their shape, were 
much easier distinguish than female reproductive 
buds. Data them were obtained for samples 


gathered regular intervals between September 
1945 and April 1946 (Table 5), and show rather 
wide fluctuations vitamin concentration. How- 
ever, the vitamin content per catkin was found 
more uniform. From August until the end the 
year the weight the catkins remained fairly con- 
stant mg. and the vitamin content was 
usually less than 0-1 mg. Early the following 
year the catkin buds grew rapidly until March 
April they weighed and their vitamin 
content increased Soon afterwards 
the catkins shed their pollen and fell off. When 
catkin buds next appeared the autumn, their 
content was the initial low level 
about 
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DISCUSSION 


When unripe walnuts were found contain remark- 
ably high concentrations vitamin its origin and 
functions the plant became interest. view 
much evidence that other fruits the vitamin 
content influenced the degree exposure 
sunlight, seemed likely that the source the 
vitamin might green tissues, such the epicarp 
the fruit the leaf mesophyll where photo- 
synthesis most active. the vitamin synthe- 
sized the epicarp, and translocated the endocarp 
would have move against steep concentration 
gradient. Such movement could not take place 
simple diffusion, but not impossible where acti- 
vities living cells are involved (Stiles, 1936). 
order establish gradient favourable direct 
diffusion from epicarp endocarp would 
necessary show that the vitamin was confined 
particular cells regions the epicarp which 
some instances would have contribute less than 
quarter the total weight the tissue. Although 
chemical evidence was obtained this point, 
segregation morphologically similar cells into 
tissue meshwork was observed sections which 
certain cells became brown exposure, probably 
the oxidation derivatives, while adjacent 
cells remained unstained for some time. Such 
segregation materials the outer tissues the 
fruit rendered less unlikely the existence 
considerable differences vitamin concentration 
the mesocarp and endocarp, the limiting cell layers 
which must extremely effective barriers the 
reverse movement the vitamin order that the 
concentration may maintained the endocarp. 
This may have evolutionary background that 
the green husk the walnut not true mesocarp, 
but arose the fusion several bracts with the true 
fruit represented the endocarp and its contents. 
The presence such boundary layers renders 
probable that translocation from epicarp and meso- 
carp takes place through their vascular tissues the 
base the fruit and thence into the endocarp. 
was not possible establish the existence 
within the fruit gradient vitamin favourable 
the translocation and accumulation the vitamin 
the endocarp, other parts the plant were con- 
sidered. Concentrations over 1000 mg./100 were 
found the leaf mesophyll May and June, while 
the concentration the midrib and lateral nerves 
was generally about 40% that the mesophyll. 
the mesophyll contained meshwork small nerves 
probable that the actual concentration the 
green assimilatory cells was well over 1000 
throughout the period from May August, but 
may have fallen below this level September and 
October. There was always clear gradient from the 
mesophyll midrib and through the rachis far 
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the base the petiole. Beyond this point 
vitamin course translocation from the leaf 
would have pass through zone stem with 
higher concentration the cortex and phloem, and 
then through zone usually still higher concen- 
tration the peduncle the fruit, before could 
reach the endocarp. The low concentration the 
xylem and pith the stem renders unlikely that 
translocation takes place through the wood, and 
indicates the phloem the only possible tissue for 
this function. The dissection the fruit stalk into 
cortex, phloem and xylem plus pith enabled 
show that the highest concentration vitamin 
was the cortex, where was about twice that 
the fruit stalk whole, probably account 
the photosynthetic activity the green parts. The 
concentration the phloem dissected was about 
equal that the whole stalk. The possibility 
greater concentrations the sieve tubes and com- 
panion cells the phloem was considered, since 
movement the translocate may confined 
them. Estimates the area true phloem con- 
sisting sieve tubes, companion cells and phloem 
parenchyma were made from sections the rachis, 
petiole, stem and fruit peduncle. Assuming the bulk 
the vitamin concentrated these cells, 
and applying factor the observed data the 
irregularities the gradient from leaf endocarp 
were somewhat reduced. Only companion cells 
alone are considered, and the assumption made that 
the bulk the vitamin present the phloem 
confined these slender cells, would the anatomicai 
evidence favourable positive translocation 
gradient from the leaf mesophyll the endocarp 
the fruit. the absence method for isolating 
the companion cells was not possible confirm 
this theory. Thus with the available data are 
unable demonstrate that the vitamin the 
endocarp comes mainly either from the epicarp 
the mesophyll. 

alternative hypothesis, that vitamin trans- 
located precursor other form compound 
which can yield ascorbic acid after reaches the 
endocarp, will considered later paper. this 
connexion interesting note that, contrast 
with many other fruits, the many walnut 
tissues, both from the fruit and from other parts 
the plant, slightly alkaline. Only the endocarp 
the usual acidity sufficient improve the stability 
vitamin whilst the concentration ascorbic 
acid oxidase much lower than other walnut 
tissues. Thus any such precursor vitamin may 
expected differ from ascorbic acid being 
resistant the action ascorbic acid oxidase and 
being stable neutral solution (pH 

The function vitamin plants often stated 
concerned with growth. Its occurrence 
higher concentration young actively growing 
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shoots supports this hypothesis. Our data have 
shown that the vitamin concentration the 
vegetative buds increased markedly just before 
opening, the peak occurring very young leaves. 
the reproductive buds and catkins there was 
similar increase just before rapid growth began. 
the phloem the stem, adjoining the cambium, 
there was peak concentration the time active 
growth. Schopfer (1943) has suggested that vitamin 
may also connected with photosynthesis and 
the production sugars. Our data support this 
suggestion far high concentrations the 
vitamin were found the mesophyll and other 
green tissues (e.g. cortex green stems) where 
photosynthesis was most marked. However, photo- 
synthesis cannot very well explain the function 
the vitamin the endocarp, where the highest 
concentrations occur. Since these concentrations 
fall rapidly when the woody shell developing, and 
since given nut the concentration vitamin 
the woody part much lower than the non- 
woody part, suggest that the vitamin may 
utilized the formation the lignin. This hypo- 
thesis may also explain the function the vitamin 
the stem. The concentration gradient vitamin 
the stem declines towards the roots. the large 
trees yielding our main sample could only follow 
this gradient ft. down the shoots into the main 
stem. examining sapling about ft. high 
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were able establish the complete gradient from 
the buds down the finest roots (Table 6). 

Table Concentration gradient vitamin 


walnut sapling March 1945 


denotes current year’s growth; last 
year’s growth.) 


Vitamin 

(mg./100 g.) 
Buds 258 
Stem cortex and phloem: 252 
L.Y.G. 183 
Roots 140 
Fine roots 

SUMMARY 


Studies samples different tissues col- 
lected during three seasons from Juglans regia trees 
growing several districts round London showed, 
the endocarp, remarkably high concentrations 
vitamin which may used lignification. This 
vitamin originates mainly photo- 
synthetic centres the leaves. 

Examination the intervening tissues showed 
that physiological conditions (acidity, concentration 
enzymes and vitamin militate against trans- 
location vitamin such from leaf nut. The 
experimental findings favour alternative hypo- 
thesis, which will considered later. 
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The Accuracy the Svedberg Oil-turbine Ultracentrifuge 


CECIL anp OGSTON, Department Biochemistry, University Oxford 
(Received April 1948) 
THE SEDIMENTATION CONSTANT 


The values sedimentation constants which appear 
the literature show more variation than one would 
expect obtain from measurements made well 
defined substances accurate physical method. 
Measurements made Oxford several proteins 
which are believed definite and homogeneous 
have always given values lower than those obtained 


elsewhere (Table 1); correction these values for 
errors described the present work would further 
increase these discrepancies. The large difference 
between the values for the sedimentation constant 
insulin Gutfreund Ogston (1946) and 
Miller Andersson (1942) finally led investigate 
the errors our Svedberg ultracentrifuge. 
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Table Comparison sedimentation constants from various sources 


Soo 
Substance Author (g./100 ml.) 
Horse serum, albumin (crystallized, Kekwick (1938) (Uppsala) 4-48 
carbohydrate-free) (Oxford, unpublished) 4-31 
Ovalbumin Svedberg Pedersen (1940) 0-5 
(Oxford, unpublished) 3-4 

Insulin Miller Andersson (1942) 3-55 
Gutfreund Ogston (1946) 0-1 3-34 

Lactoglobulin Pedersen (1936) 3-12 
Johnston Ogston (1946) 2-83 

This work 2-83 


Provided that sedimentation undisturbed 
mechanical vibration thermal convection, the 
accuracy with which sedimentation constant can 
determined should limited only the 
accuracy the measurement the following 
quantities: (1) the positions the sedimentation 
boundary stated times, relative the meniscus 
and the centre rotation; (2) the speed 
rotation (3) the state the solution with respect 
composition and temperature. 

Since substance available whose sedimen- 
tation constant certainly known, was necessary 
test for sources inaccuracy piecemeal. Lacto- 
globulin was used working substance, since 
appears one the best defined and most stable 
proteins. 

The accuracy the measurement the positions 
the boundary and the speed rotation were 
easily checked; the chemical composition the 
solution was matter ordinary technique; the 
question cell temperature proved more complex, 
and, before attempting measure it, had 
examine the factors which may affect it. 


Calculation the sedimentation constant 


The traditional method calculation obtain 
estimate the ‘uncorrected’ sedimentation con- 
stant from the movement the boundary during 
movement, reduced unit gravitational field and 
corrected for the effect temperature the 
viscosity the solvent. The effects temperature 
the density the solvent, and the buffer salts 
its density and viscosity, not vary appreciably 
during the course run and are, therefore, applied 
corrections the mean value give 
this the rate movement water 20° 
under unit gravitational field. 

This procedure averaging the estimates 
obtained successive intervals does not, however, 
make nearly full statistical use the data available. 
method was therefore devised which does so. 
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The value from given interval given 


Az Ne 1 
20 = Mt 7 m\ 2” (1) 
where the distance moved during time 
the distance the index from the centre rotation 
the mean distance the meniscus from the index 
and the mean distance the boundary from the 
the boundary from the centre rotation during that 
interval; the mean angular speed rotation. 
Since appreciably constant, and since error 
contributes only very small proportionate error 
equation (1) may rearranged and 
integrated, without sensible error, linear 
equation 
(2) 
its value, with its standard deviation, may 
calculated the standard method obtaining 
linear regression Corrections for the 
effects temperature density and the buffer 
salts are then applied usual. 
Using this method, good linear plots were obtained 
(Fig. 1); the standard deviation the estimate 
seldom exceeded 0-5 (Table 2). 


EXPERIMENTAL 


Optical system and measurement 


The optical system was the original Philpot (1938) diagonal- 
schlieren system, modified replacing the fused silica 
windows the rotor casing and the compound quartz- 
fluorite lenses pair simple glass lenses. consider- 
able improvement definition resulted from this replace- 
ment. The source light was 250 Mazda box-type 
mercury lamp used with monochromator; this reduced 
exposures tenfold compared with those previously required, 
and caused further sharpening the image, since the 
boundary did not now move appreciable distance during 
exposure sec.). 
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The magnification the spherical (schlieren) lens was 
measured over the whole field photographing finely 
ruled scale its projected image, with the rotor first static 
and then running the evacuated casing; the same value 
was obtained each case, constant over the field. 


Fig. Plot run equation (2). Ordinate: (Az) 
measured the photographic record; abscissa: 
(At’) cm. measured the photographic record 


Measurement the plates was made means 
travelling microscope reading correct The 
position the boundary was taken the maximum the 
‘peak’ -in the diagram, and was 
obtained 0-005 cm. less, according the thickness 
the boundary. 

The distance the index hole the balance cell from the 
centre rotation was measured 


The speed rotation 


The Hartmann Kempf reed frequency meter, for measur- 
ing the frequency the alternating current generated 
the rotor, was supplemented with frequency bridge 
Davenport, the Clarendon Laboratory (to published). 
This enables the speed measured fre- 
sec. The bridge reads continuously within these ranges, 
that control speed drift made easy. The bridge was 
calibrated intervals against crystal clock. During 
run, the speed was kept constant within revs./sec. and 
rarely changed more than during any 
min. interval between photographs. All alterations 
the turbine oil pressure were made the beginnings 
intervals, that the drift speed during any interval was 
nearly constant. The use the bridge effected noticeable 
reduction the standard deviation compared with 
estimates from runs which the speed was measured the 
Hartmann-Kempf meter. 
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The cell temperature 


The rotor runs, plain journal bearings, casing 
which contains hydrogen low pressure. Heat generated 
the bearings and friction with the hydrogen; lost 
the cooled turbine oil and the casing; the casing loses 
heat the turbine oil and the surrounding air. The 
temperature the rotor, and thence the cell contents, 
thus controlled several factors; measured means 
thermocouple whose junction has clearance 
0-025 cm. the rotor surface. Svedberg Pedersen (1940) 
state that this thermocouple reads the cell temperature 
within 0-5°. However, change the pressure turbine 
oil, the pressure hydrogen, causes rapid change 
the reading the thermocouple, make unlikely 
that this corresponds directly with change temperature 
the whole mass the rotor. seems likely, the 
contrary, that the temperature the thermocouple, al- 
though controlled the same factors control that the 
rotor, not simply related it. 

Since would laborious calibrate the thermocouple 
terms cell temperature, for variation all possible 
factors, our aim was find standard conditions which 
could easily reproduced and then calibrate under these 
conditions. series runs was, therefore, carried out, 
using solution lactoglobulin g./100 ml.) buffer 
effects varying conditions the apparent 
constant. The results were follows (Table 2): 

(a) our former procedure, the cold water which cools 
the turbine oil was turned the beginning the run: 
the temperature the rotor thermocouple rose rapidly 
during speeding and then, when full speed was reached, 
drifted upwards steadily for several hours min.). 
When the cooling water was not turned until full speed 
had nearly been reached (20-25 min. after starting), the 
temperature rose more rapidly first, but reached steady 
value within min. after starting (30 min. after full 
speed); thereafter did not change more than 0-2°. The 
apparent sedimentation constants obtained the latter 
procedure were significantly lower (by 1-2%) than the 
former (Table 2). The new procedure was adopted 
standard. 

For some years have used pressure 
hydrogen the casing, instead the mm. recommended 
Svedberg Pedersen (1940), because Philpot (personal 
communication) had observed that there was less risk 
thermal convection the lower pressure experiments 
using acetone solvent. The quick effect change 
hydrogen pressure the thermocouple reading led 
test the effect hydrogen pressure sedimentation con- 
stant. This was found considerable, higher values 
being obtained pressures less than mm. (Fig. and 
Table 2). significant change accompanied further 
raising the pressure mm.; we, therefore, adopted 
10-12 mm. standard. 

(c) Other variations did not appear exert any consider- 
able effect. The average speed rotation was always within 
few cycles 1000 rev./sec.; the room temperature varied 
between and 22° various runs, but there appeared 
correlation between this and the apparent sedimenta- 
tion constant; the degree filling the cell, the presence 
absence layer paraffin (lidded cells were used) and 
the cell thickness did not affect the result. 
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Table under various conditions equation (2) 
Conditions 
Apparent True 
pressure Rotor Paraffin Cell (corr.) (corr.) (corr.) 
Experiments under standard conditions 
563 Steady 2-876 2-813 0-007 
571 2-866 2-803 0-006 
559 2-899 2-835 0-009 
572 2-854 2-791 0-015 
574 2-858 2-795 0-012 
593 2-863 2-800 0-014 
532 2-873 2-810 0-006 
538 Yes 2-871 2-808 0-008 
580 2-891 2-827 0-006 
Mean (corr.) 2-809 
mean 0-014 
Variation conditions 
558 Rising 2-934 0-009 
527 Steady 2-917 0-008 
536 Yes 2-944 0-016 
564 Steady 2-959 0-004 
number runs done under these standard condi- 


tions (Table shows standard deviation the estimates 
(corr.) 0-014 which little greater than 
the normal the estimate from single run. This indi- 
cates that there important cause random variation 
operating between runs other than those operating within 
given run, and thus further confirms the unimportance 
such factors mean rotor speed (within the narrow range 
used), cell filling and room temperature. 


31 


Soo(corr.) x 104% 
} 


2-8 
0 5 10 15 20 
H, pressure (mm. Hg) 


Fig. Apparent (corr.) against the pressure 
hydrogen mm. mercury; open circles, steady tem- 
perature; filled circles, rising temperature. 


(e) calibration the reading the rotor thermocouple 
could now undertaken. First was shown, com- 
parison with National Physical Laboratory standard 
thermometer, read its own temperature correct 0-1°. 
Next calibration was carried out the method given 


N 


N 


Reading rotor thermocouple (°) 
o 


Depth solid-liquid meniscus (mm.) 


Fig. Record melting point run. Open circles repre- 
sent values obtained during upward drift temperature; 
filled circles represent readings thermal steady states. 
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Reading of rotor thermocouple (°) 
N 
@ 


25 
Fig. Record steady-state points two melting point 
runs. Abscissa: proportional the pressure the solid- 
liquid meniscus. Values obtained different thermal 
steady states. 
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Svedberg Pedersen (1940). ether was five times 
recrystallized and then melted carefully 
cleaned mm. cell was filled with the melted substance, 
which was allowed solidify before insertion the cell 
the rotor. After full speed was attained, slow upward drift 
the rotor temperature was allowed take place (0-2°/ 
min.). When melting had begun, photographic records 
the positions the solid-liquid meniscus and readings the 
rotor thermocouple were taken intervals. order 
imitate our standard conditions thermal-steady state, 
three such states, different temperatures, were attained 
the course two runs. Fig. shows the depths the 
meniscus plotted against the thermocouple readings: 
seen that the points obtained during drift temperature 
lie 0-2-0-3° above the line drawn through the steady state 
points. Fig. shows the thermocouple readings for the 
three steady states plotted against numbers proportional 
the pressures the solid-liquid meniscus (the actual 
pressures cannot given, since the density the liquid 
was not accurately known); extrapolation zero pressure 
(effectively equal atm.) gives 25-8°, below the 
mean melting point. ether removed from the cell 
after these runs showed unchanged melting point.) This 
means that the apparent sedimentation constants obtained 
under these conditions must multiplied 0-978 give 
the true value. 
Lactoglobulin solutions 


Lactoglobulin was made from fresh milk the method 
Palmer (1934). was twice recrystallized and stored 
crystals water under toluene the cold room; recrystal- 
lization was effected dissolving the crystals NaCl 
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solution, removing any insoluble maierial, adjusting the 
dialysis against acetate buffer and dialyzing 
against water. Solutions were made dissolving the 
crystals buffer acetate, 0-04m- 
acetic acid) and dialyzing against buffer. The concentration 
protein was estimated refractometrically against diffusate, 
using the specific refractive increment; the 
solution was then diluted with diffusate give concentra- 
tion protein/100 ml. Solutions were kept the cold 
room and did not change their sedimentation properties 
during storage. 


DISCUSSION 


This work shows that the Svedberg oil-turbine ultra- 
centrifuge can give highly reproducible results pro- 
vided that the conditions running are carefully 
controlled, and that proper attention given the 
measurement all the quantities concerned. This 
conclusion may hold good for other types ultra- 
centrifuge. The reproducibility which claim com- 
pares favourably with other published data. 

believe, also, that have controlled all 
important sources systematic error, and that the 
results which now quote are accurate 
Our value for the sedimen- 
tation constant lactoglobulin differs 
from Pedersen’s (1936) value 3-12 Further 
discussion this discrepancy will left later 


paper. 


ESTIMATION THE QUANTITY 
SEDIMENTING COMPONENT 


Subject the limitations found Johnston 
Ogston (1946), the amount sedimenting com- 
ponent, terms its refractive increment, may 
estimated measuring the area the ‘peak’ 
the diagonal-schlieren diagram due this com- 
ponent. Comparison this with the total refractive 
increment the solution due protein (measured 
against diffusate) gives information about the homo- 
geneity the preparation. deficiency may due 
another visible component material which 
sediments too slowly too quickly observed, 
which too heterogeneous form visible 
boundary. homogeneous component should 
give, integration the peak, value equal the 
total refractive increment. 

The accuracy measurement the quantity 
component the ‘scale’ method Lamm (1934) 
diagonal-schlieren method Philpot (1938) has 
been believed rather lower. have modified 
the method estimation Philpot’s method and 
now find its accuracy nearly equal that 
Lamm. 


EXPERIMENTAL 


Optical system 


Modifications the optical system described above have 
improved the photographic definition. The use high 
intensity mercury lamp source monochromatic light 
has resulted reduction exposure times tenfold; 
result, the boundary does not move appreciable fraction 
its thickness during exposure, and blurring the 
limbs the ‘peak’ avoided. The line demarcation 
the photographic record (Fig. not quite sharp, but 
shows narrow region shading, from black clear, due 
diffraction; however, any line constant photographic 
blackening equivalent the theoretical line demarca- 
tion, being merely displaced constant distance right 
angles the cylindrical axis the cylindrical lens. The 
width the region shading can narrowed making 
high-contrast print from the original record; find, how- 
ever, that this procedure gives noticeable increase 
accuracy, except where the region shading broadened 
use the schlieren system high optical sensitivity. 

Following Johnston Ogston (1946), have made 
tracings white paper enlarged projections the photo- 
graphic records, using linear magnification 4-5. line 
constant blackening can traced without difficulty. 
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Area measurements sedimentation diagrams 


The area measured that included between the 
‘peak’ due the boundary and the base line from which 
this arises; base line seen both above and below the 
boundary, the boundary clear the meniscus and the 
bottom the cell, and represents uniform concentration. 
For rough work, the base line may sketched through 
the boundary region, but for accurate work experi- 
mentally determined base line must used. The base line 
suffers distortion two kinds: 

(a) Curvature the cell end plates produces curvature 
the base line (Fig. and sedimentation buffer solutes 
may also produce distortion. therefore necessary 


Fig. Photographic records boundary and base line. 


obtain base line, corresponding with each record the 
boundary whose area wished measure, using buffer 
identical composition and under the same conditions 
rotor speed, temperature, time (we have found this unim- 
portant with acetate buffer), degree filling the cell and 
optical settings. 

The base line, obtained described (a), fits the 
boundary diagram only above the boundary (Fig. 6). This 
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due the different refractive indices the solution 
below the boundary the experimental run (where con- 
tains protein) and the base line run (where contains only 
buffer). This difference, since the cell end plates are dis- 
torted form lens, alters the focal length the optical 
system, which causes the base line change slope. 

have, therefore, used only diagrams which con- 
siderable length base line visible both above and below 
the boundary, and have fitted the tracing the experi- 
mentally determined base line the regions above and 
below the boundary, giving them the requisite slopes, and 
allowing intersection the two parts base line occur 
the middle the boundary (Fig. 6). This procedure 
appears give fair approximation the true area. 


Fig. Tracings from photographic records: (a) boundary 
tracing, base line fitted above the boundary, (c) base 
line fitted below the boundary. 


The area between the ‘peak’ and the fitted base line was 
measured with planimeter, making five complete circuits 
the area cm.?). The planimeter was standardized with 
the radius arm supplied with it; its wheel was always run 
standard paper surface. The magnification the enlarger 
measuring the meniscus-index distance 
the plate travelling microscope and the tracing 
ruler (to 0-5 120 mm.). The magnification the 
spherical schlieren lens (M,) was measured already 
described, and that the lens measuring 
the photograph through accurately made rect- 
angular aperture; the distance the focusing lens 
the rotor casing the diagonal edge (equal its focal 
length) was measured ruler (to 0-5 133 the cell 


Table Measurement boundary diagrams lactoglobulin 
(Lactoglobulin 1%: total refractive increment 182 Cell thickness 1-219 cm.) 


Angle schlieren 


Time from reaching 
edge from vertical) 


full speed (min.) 


108 
110 
118 


(Lactoglobulin 0-526 total refractive increment 94-7 


102 
112 
122 
132 


Estimated refractive 
184 101 
173 
184 102 
181 100 
182 101 
173 
176 
Mean 4-9 
101 
100 
102 
Mean 
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thickness (6) was measured micrometer, the thickness 
the quartz plates having been measured before assembly. 
The refractive increment then given 

where the angle the diagonal edge from the vertical. 
The square term allows for the dilution protein through 
sedimentation non-uniform field and sector- 
shaped cell (Svedberg Pedersen, 1940). 

According this procedure, measurements have been 
made the boundary diagrams obtained two the 
experiments lactoglobulin described above. The results 
are given Table 


DISCUSSION 


The boundary diagrams obtained with lactoglobulin 
are ideal for accurate integration; accuracy 
about (s.D.) was obtained from measurement 
single diagram, and greater accuracy obtain- 
able taking the mean value from several diagrams 
given run (measurement six give accuracy 
about 1%). The error will greater than this 
the following cases: (1) where the boundary very 
broad, leaving too little base line for accurate fitting 
(2) where very narrow, that the area 
measured small and the distance moved during 
exposure appreciable fraction its width; 
(3) where one boundary incompletely resolved 
from another, where heterogeneous material dis- 
torts the apparent base line; (4) where the use 
high optical sensitivity (with dilute solutions) 
lessens the sharpness the line demarcation 
the diagram. 

the course this work was noticed that, for 
period, wrong values had been obtained for the 
quantity sedimenting components, through failure 
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take into account the fact that the focusing lens 
then use the rotor casing was not placed its 
focal distance from the diagonal edge. correction 
following publications Ogston (1945), Ogston (1946) 
and Johnston Ogston (1946); application this 
correction data given the last for serum albumin 
and lactoglobulin gives mean integration value 
97%. 

The accuracy the Philpot optical system thus 
shown little inferior that the scale 
method Lamm (1934). 


SUMMARY 


measurement sedimentation constants means 
the Svedberg oil-turbine ultracentrifuge has shown 
that values reproducible and probably 
accurate the same limits, can obtained the 
conditions running are standardized, care 
taken over measurement the various quantities 
measurement the temperature the cell con- 
tents. new method computing the sedimen- 
tation constant given. 

Examination the accuracy estimation 
the quantity sedimenting component from the 
boundary diagram given the diagonal-schlieren 
method Philpot (1938) has shown that, under 
favourable conditions, single measurement may 
have standard deviation making 
accuracy attainable from the data single 
run. Special attention needed the fitting the 
base line and improved method doing this 
described. 
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Synthesis and Resolution 2:5-Dihydroxyphenylalanine 


NEUBERGER, National Institute for Medical Research, London, N.W. 


(Received May 1948) 


generally believed that the main pathway the 
metabolism the amino-acids phenylalanine and 
tyrosine mammals involves the intermediate 
formation homogentisic acid. 
man, and various laboratory animals reared under 
certain dietary conditions, the amount homo- 
gentisic acid excreted the urine proportional 
the intake the two aromatic amino-acids; this 
indicates that the oxidation tyrosine quinol 
with accompanying shift the side chain can 
performed mammals. Moreover, the recent 
isolation Fishberg (1948), cases enterogenous 
cyanosis, 1:4-benzoquinone-2-acetic acid, the 
quinone corresponding homogentisic acid, has 
demonstrated that, even man, the formation 
compounds related homogentisic acid not con- 
fined and premature babies. But 
the assumption that such reaction represents the 
main normal pathway metabolism for these 
aromatic amino-acids rests argument 
analogy, and conclusive evidence for this hypo- 
thesis has yet been adduced. Even alcaptonuria 
the exact mechanism the conversion tyrosine 
homogentisic acid still obscure. The oxidation 
thus small amounts quinol are excreted 
ingestion large doses phenol the dog 


CH,.CH (NH,).COOH 


CH, CH, 
COOH COOH 
(I) 
° OH 
CH, 
H,NCH 


(Baumann Preusse, 1879) and salicylic acid gives 
rise man (Baldoni, 1908) and the rat (Lutwak- 
Mann, 1943) gentisic acid. But exact biological 
analogy exists for the migration substituent 
originally occupying the para position. The forma- 
tion thyroxine from diiodotyrosine which occurs 
readily vivo and vitro must involve some- 
what similar mechanism (see Pitt-Rivers, 1948). 
However, the latter case, the side chain 
eliminated whilst with tyrosine shifted the 
adjacent position the ring. generally assumed 
that tyrosine (I) first converted the corre- 
sponding keto acid which then further 
oxidized the ring give 2:5-dihydroxyphenyl- 
pyruvic acid which oxidative decarboxy- 
lation would yield homogentisic acid But the 
fact that acid far less 
effective than tyrosine homogentisic 
acid the (Neubauer, 1909; Fromherz 
Hermanns, 1914) suggests that oxidation 
the ring precedes that the side chain. The 
small amount extra homogentisic acid excreted 
administration p-hydroxyphenylpyruvic acid 
may ascribed its reconversion into tyrosine 
amination. Neubauer (1928) points out, 
least two other possibilities (b, must 
considered. 


CH,—CO—COOH 
CH,.COOH 


(IV) 


CH,.CH,.NH, 
(VII) 
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Thus second. hydroxyl group might intro- 
duced into tyrosine give the dienone (V) which 
would rearrange 2:5-dihydroxyphenylalanine 
(VI); this could then oxidized through the keto 
acid homogentisic acid (mechanism 
first decarboxylated the amine (VII) and then 
oxidized (mechanism c). order test these 
possibilities was decided prepare and resolve 
2:5-dihydroxyphenylalanine. The synthesis 2:5- 
dihydroxyphenylethylamine, another possible in- 
termediate, described the accompanying paper 
(Leaf Neuberger, 1948). 


Reaction gentisic aldehyde with acetylglycine 


The racemic amino-acid was prepared two ways. 
the first synthesis gentisic aldehyde was condensed 
with acetylglycine the presence acetic anhydride and 
sodium acetate. From the crude product three substances 
were isolated fractional crystallization. The first com- 
pound had m.p. and crystallized yellow needles; 
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isomeric azlactones will generally result, and only one 
these will contain the reactive carbonyl group and the 
phenolic ring suitably placed for esterification proceed. 
Coumarin formation thus appeared secondary re- 
action which might facilitated the presence free 
hydroxyl group and prolonged heating. was hoped 
eliminate formation the coumarin using 2-acetoxy- 
benzaldehydes. However, this aim was not fully achieved. 
Acetoxybenzaldehydes can readily prepared almost 
quantitative yield treating the hydroxyaldehydes with 
pyridine and acetic anhydride; the products are distillable 
crystalline substances. Condensation 2-acetoxybenzalde- 
hyde with hippuric acid and 2:5-diacetoxybenzaldehyde 
with acetylglycine yielded mainly, but not exclusively, 
azlactone the period heating was short (30 min.). 
heating was continued for 1-2hr., larger amounts 
coumarin were obtained. The conclusion that even the 
acetylated azlactone converted the coumarin under the 
conditions the condensation was supported the obser- 
vation that heating pure acetylated azlactone m.p. 
140° with acetic anhydride and sodium acetate 100° pro- 
duced appreciable amounts coumarin. 


CH, 
00C.CH, 
(VIII) ax) (X) 
CH,.CH (NH,) COOH 
Pgs 2 2 2 
(XI) (XIII) 


had one fairly stable and two very labile acetyl groups. 
This fact, the colour and elementary analysis indicate that 
this the acetylated azlactone (IX). The second substance 
m.p. 226-227° colourless and contains one labile and 
one stable acetyl group. assumed 3-acetamido- 
2-keto-6-acetoxycoumarin (X) the tautomeric 
acetimido-2-keto-6-acetoxychroman. Several workers have 
obtained both the benzamidocoumarin and the benzoylated 
azlactone the condensation salicylaldehyde and hip- 
puric acid (Rebuffat, 1885; Pléchl Wolfrum, 1885; 
Erlenmeyer Stadlin, 1904), and similar results have been 
obtained the condensation 2:4-dihydroxybenzalde- 
hyde and hippuric acid (Deulofeu, 1936). Dakin (1929), 
the other hand, isolated only acetylated azlactone from 
the condensation salicylaldehyde and acetylglycine, and 
similarly coumarin derivative was isolated the reaction 
gentisic aldehyde with hippuric acid (Neubauer Flatow, 
1907). The separation these two products troublesome, 
and attempts were, therefore, made establish conditions 
under which only the azlactone would formed. 
generally accepted that the first step the azlactone 
synthesis the formation 2-phenyl- 2-methyloxa- 
zolone, the reactive methylene group which then reacts 
with the aldehyde (see Carter, 1946). Two geometrically 


The third product the reaction was nitrogen-free, and 
from elementary analysis and acetyl content was identified 
2:5-acetoxybenzylidene diacetate (XI). The formation 
diacyl derivatives aldehydes the preparation azlac- 
tones, has not, far are aware, hitherto been reported, 
and isof particular interest view the suggestion Erlen- 
meyer Friistiick (1895) that such diacetates are inter- 
mediates the formation azlactones. has been found, 
however, that the diacetates benzaldehyde, 2-acetoxy- 
2:5-diacetoxybenzaldehyde not form azlactones under 
the appropriate conditions. seems more probable that 
the formation such acyl derivatives removes aldehydes 
from the reaction, and explains the low yields azlactones 
observed some cases, e.g. when acetylglycine used. 

Both the coumarin (X) and the azlactone (IX) yield 
hydrolysis with dilute HCl 6-hydroxy-2: 3-diketochroman 
which treatment with alkali, the absence 
followed careful acidification gives 2:5-dihydroxy- 
acid (III). Both these compounds have 
already been obtained Neubauer Flatow (1907) 
less convenient method. treatment with red phos- 
phorus and the amino-acid (XII) obtained good 
yield from either (IX) (X). aqueous solution DL- 
2:5-dihydroxyphenylalanine readily oxidized air 
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slightly alkaline and slowly even neutrality giving 
melanin-like pigment. Hirai (1927) claimed have pre- 
pared the racemic amino-acid condensation 2:5- 
dimethoxy benzaldehyde with glycine anhydride followed 
reduction and hydrolysis. The properties the compound 
obtained the Japanese worker differ greatly, however, 
from those the product described this paper. Thus, 
Hirai gives m.p. whilst found m.p. 
235°. The amino-acid obtained crystallizes with mol. 
water which not removed drying mm. 
pressure room temperature over prolonged 
drying 110° the water lost, but the anhydrous material 
hydrates again quickly. This property not mentioned 
Hirai. Moreover, Hirai’s compound was apparently easily 
soluble water, whilst found the solubility the 
racemic amino-acid less than 18° water. 
suggestion can offered the cause this discrepancy. 


Resolution 2:5-dihydroxyphenylalanine 


the course the work was found that deriva- 
tives 2:5-dihydroxyphenylalanine lactonize readily, are 
easily oxidized, and are, therefore, not convenient for reso- 
lution. was decided resolve instead suitable deri- 
vative 2:5-dimethoxyphenylalanine and remove the 
methyl groups afterwards. The 2:5-dimethoxybenzalde- 
hyde required for this synthesis was made both the 
Reimer-Tiemann method from 4-methoxyphenol followed 
methylation with methyl sulphate (cf. Tiemann 
Miiller, 1881), and from 1:4-dimethoxybenzene the 
modification the Gattermann synthesis introduced 
Adams Levine (1923). Gulland Virden used 
somewhat similar method for the preparation this alde- 
hyde. The 
acid obtained from the azlactone, prepared the conden- 
sation the aldehyde with hippuric acid, was rather re- 
sistant hydrogenation with palladium platinum 
catalyst (cf. Waser, 1925), but the sodium salt was readily 
reduced under pressure and Raney’s nickel. Attempts 
resolve the resulting 
phenyl)-propionic acid with brucine quinine were un- 
yielded two pairs diastereoisomeric salts which could 
separated fractional crystallization from water. Short 
hydrolysis with hydriodic acid yielded the active amino- 
acids without any appreciable racemization. The optically 
active amino-acid resembles the racemic compound most 
its properties; thus also crystallized with mol. 
water which difficult remove. However, the active 
amino-acid more insoluble cold water than the racemic 
compound and can conveniently recrystallized from that 
solvent. and were assigned the 
dextro- and laevo-rotatory amino-acids respectively the 
basis the following considerations discussed detail 
elsewhere (Neuberger, 1948). 

(1) All p-amino-acids show decrease dextro- in- 
crease when the neutral molecule trans- 
formed into the corresponding cation, i.e. addition 
acid. The rotation 
water cannot measured accurately due low solubility. 
However, +40°+3 was obtained using dm. 
tube. this value decreased The differ- 
ence molecular rotation, which about and the 
same order that found for other containing 
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groups, indicates that the has L-configura- 
tion. Moreover, (Waser 
Lewandowski, 1921) for which the L-configuration estab- 
lished direct transformation from L-tyrosine has rotations 
similar, both water and acid, those the 2:5 com- 
pound. 

(2) Another empirical and apparently generally applic- 
able rule that the hydantoins L-amino-acids have rota- 
tions which are negative and relatively large. The the 
hydantoin )-2:5-dihydroxyphenylalanine was found 

(3) enzyme present guinea-pig kidney decarboxy- 
lates the quantitatively (Blaschko, Holton 
Sloane Stanley, 1948) whilst the dextro-rotatory substance 
remains unchanged. This enzyme identical with, 
closely similar to, dopa decarboxylase which specific for 
L-3:4-dihydroxyphenylalanine (Blaschko, 1942-3). Since 
both mammalian and bacterial decarboxylases act 
amino-acids only, the enzymic decarboxylation the 
amino-acid supports strongly the conclusions drawn from 
the physical data, and there can doubt that the 
laevorotatory 2:5-dihydroxyphenylalanine has L-configura- 
tion. 


The biological behaviour 


daily doses g., apparently readily meta- 
bolized; reducing substances could detected 
the urine, even after acid hydrolysis. The 
isomeride, too, can apparently oxidized com- 
pletely the rat, the dose does not exceed 
200 mg./100 body weight. Larger doses cause the 
excretion small amounts reducing material 
which, from its solubility, appears the un- 
changed amino-acid. normal man also, the 
L-amino-acid were completely metabolized, whilst 
the same quantity the D-compound gave rise 
the appearance small amounts reducing sub- 
stance the urine. The amino-acid appears 
completely non-toxic oral, subcutaneous and 
intraperitoneal administration rabbits, mice, rats 
and guinea pigs. Experiments with the racemic com- 
pound already reported (Neuberger, Rimington 
Wilson, 1947) indicate that is, least partially, 
converted into homogentisic acid 
Experiments with the active amino-acids will 
carried out, when opportunity arises. The findings 
Blaschko al. (1948) that the L-amino-acid can 
decarboxylated mammalian enzyme have 
already been mentioned. The resulting 2:5-di- 
hydroxyphenylethylamine also readily meta- 
bolized man and the rat (Leaf Neuberger, 
1948). the basis these findings, appears 
probable that the normal metabolism tyrosine 
least partly through 2:5-dihydroxy- 
phenylalanine and 2:5-dihydroxyphenylethylamine 
homogentisic acid (cf. path 599). The alter- 
native that the quinolic amino-acid first oxidized 
the keto acid and then decarboxylated (path 
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599) less likely, since 
acid like acid 
not very effective precursor homogentisic acid 
(Neubauer Flatow, 1907). However, the facts 
presented here only indicate that the suggested 
pathway possible and accordance with known 
facts. The hypothesis will have substantiated 
further experiments with isolated enzymes 
tissue slices. 
EXPERIMENTAL 


Preparation compounds* 


Reaction gentisic aldehyde with acetylglycine. 13-8 
gentisic aldehyde (Neubauer Flatow, 1907), acetyl- 
glycine (11-7 g.), anhydrous sodium acetate g.) and acetic 
anhydride (40 ml.) were intimately mixed and refluxed for 
2-3 min. The mixture was then heated for further hr. 
water bath. The partly crystalline mixture was cooled, 
the solid broken and triturated with ice water. The solid 
was iiltered off and washed with ice water, ethanol (40 ml.) 
and ether. The combined mother liquors were extracted 
with acetate, and the ethyl acetate extracts dried and 
concentrated. further crop solid material was thus 
obtained. Fractional crystallization from ethanol and ben- 
zene yielded three substances: compound m.p. 
crystallizing needles, almost colourless and 
almost insoluble cold ethanol. This substance was identi- 
59-4; 4-2; 5-5. requires: 59-8; 4-2; 
Labile acetyl groups were estimated follows: 
0-261 the material was dissolved ml, 
and allowed stand room temperature for hr.; ml. 
were then added and the mixture was steam- 
distilled. The distillate required 10-2 ml. 0-1N-NaOH for 
neutralization cresol red; this gives labile acetyl con- 
16-4%. Total acetyl content was estimated ‘follows: 
0-261 the material was refluxed for hr. with ml. 
and then steam-distilled. titrating the distil- 
late with using cresol red indicator, 20-5 ml. 
were required, hence total acetyl content =33-8% and 
difference stable acetyl re- 
quires 16-4%. The analytical results and the lack colour 
leave doubt that the structure assigned this com- 
pound correct. (b) The second compound was more 
soluble ethanol and fairly soluble hot benzene. 
small bright yellow needles and had m.p. 
140-141°. was identified 
benzylidene)-oxazolone. (Found: 58-9; 4-55; 4-7. 
requires: 59-4; 4-3; 4-6%.) Labile and 
stable acetyl groups were estimated described above. 
(Found: labile acetyl, 28-8; stable acetyl, 14-4. 
requires labile acetyl, 28-4; stable acetyl, (c) The 
third compound was more soluble ethanol and benzene 
than the other two. was colourless, crystallized tablets 
m.p. 127 and did not contain was identified 
2:5-diacetoxy-benzylidene diacetate. (Found: 55-7; 5-14. 
sample prepared independent method (see below) was 
127°. The crystalline products were isolated yield 
altogether The crude material consisted largely 
the azlactone and was obtained yield about 50%. 


All melting points are uncorrected. 
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Preparation aldehyde diacetaies and acetoxyalde- 
hydes 


2-Acetoxybenzaldehyde. Salicylaldehyde was 
added dry pyridine (40 ml.); the solution was cooled 
and acetic anhydride (15 g.) added over min. The 
mixture was left for hr. and then poured into ice water. 
oil precipitated which soon crystallized. The 
was filtered off, washed with ice water and dried. Yield was 
90% the theoretical. The solid was distilled 142° 
(15 mm.), m.p. was Perkin (1868) gives m.p. 37°. 

2:5-Diacetoxybenzaldehyde. 
(6-58 g.) was acetylated with pyridine (15 ml.) and acetic 
anhydride (9-5 ml.) described above. The material, which 
crystallized pouring the solution into water, was filtered 
off and dried. Yield 2:5-diacetoxybenzaldehyde was 
were recrystallized from ligroin (200 ml.) and had 
m.p. 68°; further recrystallization the m.p. was raised 
59-4; 

2:5-Diacetoxybenzylidene diacetate. 2:5-Diacetoxybenzal- 
dehyde (2-2 g.) was dissolved acetic anhydride ml.); the 
mixture was cooled and (0-05 ml.) was 
added. Crystals appeared almost once. After hr. 
the mixture was poured into water containing NaHCO, 
(15 g.) and allowed stand for hr. The crystals were 
then filtered off and dried. Recrystallized from ethanol, the 
substance had m.p. 128-5°. Yield was 90% the 
retical. The diacetates benzaldehyde and salicylaldehyde 
were prepared similar manner and were found have 
the correct m.p.’s. 

Both benzylidene diacetate and 2-acetoxybenzylidene 
diacetate were heated for hr, water bath with equiv. 
hippuric acid, equiv. anhydrous sodium acetate and 
equiv. acetic anhydride. azlactones could 
isolated from these mixtures, 

Azlactone formation with (a) 2-Acet- 
oxybenzaldehyde and hippuric acid. mixture 
acetoxybenzaldehyde (25-7 g.), hippuric acid (28 g.), an- 
hydrous sodium acetate and acetic anhydride 
(60 ml.) was heated the water bath for min. The solu- 
tion was cooled, poured into ice water containing ethanol 
(50 ml.). The crystalline solid was filtered off and dried. 
weighed Fractional crystallization the method 
Asahina (1930) gave 4-5 pure coumarin, whilst the rest 
the material consisted almost entirely the azlactone. 
longer period heating use salicylaldehyde instead 
the acetyl derivative decreased the crude yield and in- 
creased the proportion the coumarin. (b) 2:5-Diacetoxy- 
benzaldehyde and acetylglycine. mixture 2:5-diacet- 
oxybenzaldehyde acetylglycine (5-8 g.), sodium 
acetate g.) and acetic anhydride (25 ml.) was refluxed 
for min. and then heated the water bath for further 
0-5 hr. Working described above gave 60% yield 
the acetylated azlactone contaminated with some coumarin. 
The yield was slightly better, and the product less hetero- 
geneous than that prepared from 2:5-dihydroxybenzalde- 
hyde. 


Preparation 
and 2:5-dihydroxyphenylpyruvic acid 
2:5-Dihydroxyphenylpyruvic acid. The keto acid and the 


amino-acid have been prepared from the corresponding 
methyloxazolone, the coumarin the crude mixture. 
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Yields from the pure compounds were higher. Only the 
hydrolysis the azlactone needs described detail: 
the 2-methyloxazolone were refluxed with mixture 
equal parts and glacial acetic acid for hr. The 
solution was concentrated vacuo, and the lactone the 
keto acid was obtained yield 80%. After recrystal- 
lization from water and treatment with charcoal the m.p. 
the now colourless crystals was 225°. Neubauer Flatow 
(1907) state that the m.p. above 220° and not sharp. The 
lactone was converted the free keto acid described 
these authors. had all the properties described 
them. 

diacet- 
oxybenzylidene) oxazolone (10 g.) was refluxed with 
mixture glacial acetic acid (60 ml.), red phosphorus g.) 
and ml. (sp.gr. 1-7) for hr. The solution was filtered 
hot and concentrated under reduced pressure dryness. 
The residue was taken water and extracted with ether. 
The aqueous solution was again evaporated dryness and 
the solid dissolved water, 20% (w/v). Lead acetate was 
then added carefully, until the was about 1-8-2-0. Ifthe 
allowed rise 3-0 and above, the complex 
the amino-acid precipitated. PbI, was then filtered off 
and the solution treated with H,S. The precipitate was 
filtered off, and the solution concentrated vacuo under 
low bulk. addition pyridine 5-0 the amino- 
acid crystallized out. was recrystallized from water 
containing trace SO,. Yield recrystallized material 
was the average 50%. further 10-20% could re- 
covered from the mother liquors. M.p. was 235°. The sub- 
stance crystallizes with mol. water which was not re- 
moved drying over P,O, room temperature mm. 
pressure. prolonged drying 110° and mm., the 
water lost. Loss weight drying 7-°9%; 
requires The amino-acid was analyzed the hydrate. 
(Found: 49-9; 6-0; 6-5. requires: 
50-2; 6-1; The substance gave positive 
ninhydrin reaction, reduced silver nitrate slowly 4-5 
and instantaneously alkaliné reaction and reduced 
acid acid solution. 


Alternative method for the synthesis 
DL-2:5-dihydroxyphenylalanine 


This was prepared two 
methods. (a) Gattermann synthesis. The method described 
here shorter and more convenient than that Gulland 
Virden Into three-necked flask fitted with 
mercury-sealed stirrer, reflux condenser and inlet 
tube was placed 1:4-dimethoxybenzene (30 g.), dry benzene 
(90 ml.) and zine cyanide (40-4 g.). The mixture was cooled 
ice and dry HCl was passed in, whilst the mixture was 
rapidly stirred, until saturated with HCl. Finely powdered 
(44 g.) was then added and the temperature raised 
45°. The mixture was kept that temperature for 3-5 hr., 
whilst slow stream HCl was passed in. The mixture was 
then poured into (500 ml.), refluxed for 0-5 hr. and 
cooled. Ethyl acetate (200 ml.) was added, the organic 
layer separated, and the aqueous solution again extracted 
with acetate. The combined extracts were then dried, 
the solvent removed and the remaining oil distilled. small 
amount unchanged dimethoxybenzene came over below 
130°, whilst the bulk the material distilled sharply 154° 
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the receiver and had m.p. 53°. 
Yield was 73% the theoretical. Reimer-Tiemann 
synthesis. NaOH (80 g.) was dissolved water (100 ml.). 
this solution, which was kept 65-70°, was added 
p-methoxyphenol (Robinson Smith, 1926) and chloro- 
form The solution was kept 70° alternate 
cooling and warming. When the reaction had subsided 
second lot chloroform (20g.) was added, and after 
min. third lot. The mixture was then refluxed for hr.; 
excess chloroform was removed distillation and the 
solution acidified with The aldehyde was then 
distilled steam, distillate being collected. The 
distillate was extracted with ether and concentrated; the 
resulting oil was distilled vacuo under B.p. was 144-5° 
(20 mm.). The crude aldehyde (21 g.) was methylated with 
methyl sulphate (1-2 equiv.) and (1-2 equiv.) 
65°. The aldehyde after cooling was filtered off and the 
mother liquor extracted with ethyl acetate. The crystalline 
material and the oil from the ethyl acetate extraction were 
combined and distilled. B.p. was 160° (20 mm.). Overall 
yield was 35-40%. 

oxazolone and 
2:5-dihydroxyphenylalanine. mixture 2:5-dimethoxy- 
benzaldehyde hippuric acid anhydrous 
sodium acetate and acetic anhydride (50 ml.) was 
heated water bath for 1-5 hr. The mixture was cooled 
and ethanol (50 ml.) added slowly. After standing for 
hr. was poured into ice water (250 ml.) and left 
for hr. The crystalline solid was filtered off, washed with 
water, ethanol and ether. Yield was 75%. M.p. was 
170°. After recrystallization from benzene m.p. was 172°. 
Gulland Virden give m.p. 170-172°. (Found: 
directly 40g. the 
azlactone were added mixture glacial acetic acid 
(160 ml.), red phosphorus (10 g.) and 125 ml. (sp.gr. 1-7). 
The mixture was refluxed for min., the methyl iodide 
which had formed was distilled off and refluxing continued 
for another Isolation was carried out described 
above. This method more convenient for the preparation 
the amino-acid than the one described above, using 
acetylglycine. However, cannot used for the prepara- 
tion the keto acid. 


Resolution 


acid. This 
substance has already been described Gulland Virden 
who found m.p. Such material, though 
analyzes correctly, was found reduction give 
acid which was not satisfactory for resolution, and was 
necessary recrystallize several times before reduction. 
The azlactone (30-9 g.) was partially dissolved ethanol 
(400 ml.) and (230 ml.) was then added the 
boiling solution which was left 90° for The 
solution was cooled ice and acidified with ml.). 
The crystalline precipitate was filtered off and washed with 
cold water. Yield was 90%. The acid was recrystallized 
first from 50% (v/v) ethanol, twice from 50% (v/v) acetic 
acid and finally from chloroform and ligroin. The crude 
product had m.p. 195° described Gulland Virden 
but after repeated recrystallization was 188°. 
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recrystallization may associated with the possibility 
cis-trans isomerism the acrylic acid. 

acid. 
the acrylic acid were dissolved N-NaOH (250 ml.), 
Raney-nickel suspension (20 g.) was added and the vol. 
made Reduction occurred quickly initial 
pressure atm. 15°. When the reduction had stopped 
the solution was filtered and acidified. Yield was almost 
quantitative. The benzamidopropionic acid was recrystal- 
lized from 30% (v/v) acetic acid. had m.p. 176-5°. 

acid. The racemic acid (49 g.) and 
(18-8 g.) were dissolved methanol 
(300 ml.) and the solution evaporated dryness. The 
crystalline residue was dissolved boiling water (1500 ml.) 
and allowed cool 15°. The crystalline solid was filtered 
off, and again dissolved water (1500 ml.) and cooled 
15°. third recrystallization was done from water. 
Rotation and m.p. had then become constant. Yield was 
90% the theoretical M.p. was 180°; 
methanol (c, 2-0). The salt crystallized mono- 
hydrate. (Found: 66-4; 6-8; 6-0. 

thoxyphenyl)-propionic acid. The mother liquors amounting 
51. were combined and concentrated under reduced 
pressure (100 mm.) about 11. Small amounts crystal- 
line material which separated out during the concentration, 
and which consisted mixtures diastereoisomers, were 
collected and preserved for later resolution. The solution 
was then cooled 0°, and the crystalline precipitate 
m.p. 160° filtered off; further crop was obtained 
concentrating the solution 300 ml. and cooling 0°. 
The combined solids were again recrystallized first from 
water and then from ethanol. The yield was 24g. The 
mother liquors were combined and concentrated. M.p. 
was methanol (c, 2-0), This salt 
also crystallized monohydrate. (Found: 66-3; 6-5; 

The two salts (+)-phenylethylamine were also pre- 
pared and had the expected properties: 180°; 
methanol (c, 2-0); m.p. 166°; 
methanol (c, 2-0). The and 
were probably optically not completely pure, but further 
recrystallization did not raise the rotation m.p. any 
further. 

and 
acids. The and +D-salts respectively were decomposed 
follows: the salt were dissolved hot water 
and (50 ml.) was added, whilst the solution 
was shaken. The phenylethylamine was removed re- 
peated extraction with chloroform and recovered the 
usual manner. The aqueous solution was acidified with 
(55 ml.) and the precipitate filtered off and dried. 
The material was recrystallized first from chloroform-light 
petroleum (b.p. 120°) and then from 30% (v/v) acetic acid. 
M.p. both compounds was 170°. The had 
ethanol (c, 2-0), whilst the had 32-8° 
ethanol (c, 2-0). The only was analyzed. (Found: 


65-6; 5-9; 4-1. requires: 65-7; 5-9; 
similar manner. The corresponding and 
acids had m.p. 167 and 168° respectively and the following 
rotations: +30-5° ethanol (c, 2-0); L-acid: 

benzoyl compound were hydrolyzed with 
mixture equal parts (sp.gr. 1-7) and glacial acetic 
acid which had previously been refluxed for min. with 
red and filtered. The mixture was refluxed for 
min., methyl iodide removed distillation, and the 
hydrolysis continued for another 1-25 hr. The amino-acids 
were isolated described above. Yield recrystallized 
amino-acid was 65-70%. The had m.p. 265°, 
6-45; requires: 50-2; 6-1; 6-5%.) 
Loss weight drying 110° mm.) the mono- 
hydrate requires The had m.p. 265°, 
(c, 

Hydantoin. The was converted into the 
0-5 the amino-acid and KCNO (0-5 g.) were 
dissolved hot water (30 ml.). The solution was heated 
the water bath for min., whilst was passed through 
the solution. (7-5 ml.) was then added and heating 
continued for 2hr. cooling crystals appeared which 
were filtered off and, after treatment with charcoal, re- 
crystallized from water. The L-hydantoin had m.p. 
90% (v/v) ethanol (c, 0-92). (Found: 


METABOLIC EXPERIMENTS 


Rats. Male and female rats the Institute stock, 
weighing between 250 and 300 g., and fed ordinary 
rations, were used for these experiments. The amino- 
acids were mixed with the food, and allowance was 
made for material which had not been consumed. 
The analytical methods used have been described 
(Neuberger, 1947). The 
alanine was given rats doses ranging from 
animals, receiving the highest doses, excreted 
reducing substance which appeared unchanged 
the intake, judged the Briggs reaction. 
Identical results were obtained with urine samples 
which had been hydrolyzed with 
for hr. 100°. The gave rise the 
excretion reducing substances four animals 
which had received 250, 275, 300 and 325 mg./100 
body wt./day. reducing substance was excreted 
with doses 100 and 150 mg./100 body wt./day. The 
amount material excreted, estimated the 
Briggs reaction, amounted 10, 12, and 18% 
respectively the intake. Hydrolysis with HCl, 
described above, did not increase the amounts 
reducing material. 
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Man. The t-amino-acid g.) dissolved warm 
water (500 ml.) was taken subject (A. N.) and 
urine collected for the next hr. reducing 
material could detected the urine, even after 
hydrolysis acid. The same amount the D-amino- 
acid produced reducing material the urine col- 
lected during the first hr. after ingestion. 
amounted about similar result was 
0-6 reducing material (in terms the amino- 
acid) was excreted. untoward symptoms were 
experienced. 

Toxicity. The low solubility the active amino- 
acid water precluded the use very large amounts 
the compound tests using parenteral route. 
cat kg.) was given ml. supersaturated 
tube. toxic symptoms were observed. Eight 
mice (20-30 wt.) were injected intraperitoneally 
with 0-15 ml. each 0-5 solution the L-amino- 
acid; toxic symptoms were observed. Similar 
negative results were obtained intravenous 
administration rats and intraperitoneal adminis- 
tration guinea pigs and rats. 


SYNTHESIS 


SUMMARY 


Gentisic aldehyde has been condensed with 
acetylglycine give mixture azlactone and 
coumarin derivative. Both compounds have been 
converted 2:5-dihydroxyphenylalanine and the 
corresponding «-keto acid. 

The quinolic amino-acid has also been pre- 
pared from 2:5-dimethoxybenzaldehyde through the 
azlactone and the benzamidopropionic acid. The 
latter has been resolved with phenylethylamine and 
the two optical isomers the free amino-acid been 
obtained. 

has been shown that both isomers are well 
metabolized man and rat, the D-compound only 
slightly less efficiently than the Both 
substances were shown non-toxic. Reasons are 
advanced for the assumption that 
phenylalanine intermediate tyrosine meta- 
bolism. 


The author wishes thank McIntosh for carry- 
ing out some the toxicity tests, Webster for 
assistance with feeding experiments, and Miss Pickerden 
for carrying out the microanalyses. 
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The Preparation Homogentisic Acid and 
2:5-Dihydroxyphenylethylamine 


LEAF anp NEUBERGER, National Institute for Medical Research, London, N.W. 


(Received May 1948) 


this paper reported convenient method for the 
preparation homogentisic acid and synthesis 
2:5-dihydroxyphenylethylamine. This amine 
interest potential intermediate tyrosine 
metabolism mammals (Neuberger, 1948) and also 
pressor substance. have also included few 
observations relating the biological behaviour 
these two compounds. 


Preparation homogentisic acid 


This acid was synthesized soon after its discovery 
urine Baumann Fraenkel (1894) from 
alcohol, chloride and nitrile, followed hydrolysis. The 
overall yield was very poor, due mainly side reactions 
occurring the conversion the chloride the nitrile. 
Schoepf Winterhalder (1940), who studied systematically 
the formation substituted phenylacetic acids various 
methods, have found that large excess cyanide has 
used such reactions good yield the nitrile 
obtained. hoped that the chloride might conveniently 
prepared chloromethylation 1:4-dimethoxybenzene; 
however, even under the most varied conditions, only the 
dichloromethyl compound could obtained. Since, 
will shown later, homogentisic acid can prepared 
from 2:5-dimethoxybenzaldehyde good overall yield 
another method, did not explore the method Baumann 
Fraenkel (1894) any further. 

Various other methods for the synthesis homogentisic 
acid have been described, but the yields reported were 
most cases very poor. Hahn Stenner (1929) prepared 
from hydroquinone, and 
claimed have oxidized the allyl compound directly with 
very dilute ozone benzoylhomogentisic acid good yield. 
our hands the method was not found, very satis- 
factory. The benzoyl groups are very labile, and the material 
had, Hahn Stenner themselves found, rebenzoy- 
lated during the synthesis. Owing the low concentration 
ozone employed, the oxidation has carried out 
over many hours even days, moderately large amounts 
material are used (cf. Schoepf Winterhalder, 1940). 
Moreover, apart from homogentisic acid, other substances 
are produced the oxidation. Hill Short (1937) obtained 
good yields the oxidation methyl ether 
with aqueous containing the required amount 
acetic acid. have applied their method the oxidation 
1:4-dimethoxy-2-allylbenzene. This compound readily 
obtained Claisen rearrangement from 
allyloxybenzene (Mauthner, 1921) followed methyla- 
tion. However, oxidation this compound with 
gave, under the many conditions which were tried, 


mixture substances, and the yield the desired 2:5- 
dimethoxyphenylacetic acid was generally poor. Apart from 
2:5-dimethoxyphenylbenzoic acid, large amount 
neutral compound was obtained which was identified 
This glycol re- 
acted with periodic acid give formaldehyde and 2:5- 
dimethoxyphenylacetaldehyde which was not isolated, but 
oxidized directly the corresponding acid. The diol was 
also prepared, albeit poor yield, oxidizing the allyl 
compound with performie acid (Swern, Billen Scanlan, 
1946; English Gregory, 1947). Oxidation o-hydroxy- 
phenylacetic acid with persulphate gave homogentisic acid, 
but again the yield was poor. 

Homogentisic acid was finally prepared good yield 
oxidation acid with 
followed hydrolysis. 2:5-Dimethoxybenzaldehyde was 
condensed with (Gulland Virden, 1928; 
Neuberger, 1948) and the azlactone ring opened with 
alkali. Gulland Virden (1928) then hydrolyzed the 
benzamidoacrylic acid and separated the keto and benzoic 
acids with SO,. was found more convenient oxidize 
the mixture the two acids directly, and separate the 
benzoic and acids esterifica- 
tion and fractional distillation (see Snyder, Buck Ide, 
1943). Short hydrolysis with HBr yielded homogentisic 
acid good overall yield. Two other methods have been 
published which might equally suitable for the prepara- 
tion this acid. Schwenk Bloch (1942) have prepared 
2:5-dimethoxyphenylacetic acid modification the 
Willgerodt reaction from the corresponding acetophenone 
and recently McElvain Engelhardt (1944) have obtained 
the lactone homogentisic acid hydrolysis 5-hydroxy- 
2-ethoxycoumarone which had been made condensa- 
tion p-quinone with ketene acetal. 


Synthesis 2:5-dihydroxyphenylethylamine 


The corresponding dimethoxy compound has been pre- 
phenyl) propionamide (Buck, 1932), and also electro- 
lytic reduction 2:5-dimethoxy-w-nitrostyrene (Sugasawa 
Shigehara, 1941), the former method giving the better 
yield. the present work the Curtius degradation was 
used. The propionic acid was made described Buck 
(1932), except that the cinnamic acid was reduced 
under pressure, using Raney’s nickel catalyst. The pro- 
pionic acid was esterified the method Baker, Querry, 
Safir Bernstein (1947) and converted into the hydrazide 
and azide. Decomposition the latter gave 2:5-dimethoxy- 
phenylethylamine excellent overall yield and further 
treatment with HI, 2:5-dihydroxyphenylethylamine was 
obtained the hydriodide which was converted with 
the hydrochloride. The amine easily oxidized air, 
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even acid solution. much more sensitive than 
the corresponding catechol derivative which was prepared 
for comparison. The free base, which not very soluble 
water, has been obtained crystalline, but appears un- 
stable even the complete absence O,. 


Biological observations 


Homogentisic acid. has been reported (Neu- 
berger, Rimington Wilson, 1947) that the blood 
level homogentisic acid the human 
vanishingly low time when the concentration 
the urine quite high. Various explanations for 
this finding were discussed. have not been able 
carry out further investigations 
but had confine ourselves normal subjects. 
Ingestion homogentisic acid (H.A.) quantities 
5g. did not produce nor 
measurable increase reducing substances the 
blood. Intravenous injection, however, quantities 
produced marked aleaptonuria which 
lasted, the most, for only min. The total amount 
H.A. excreted varied between and the 
administered dose, the rest being presumably meta- 
bolized. The blood level was, all experi- 
ments, well below mg./100 ml., and some cases 
the order mg./100 ml. The accuracy the 
estimation H.A. serum plasma low with 
present methods (Neuberger al. 1947), especially 
with the very small quantities involved, and 
quantitative significance can attached the 
plasma figures. Nevertheless, possible arrive 
certain conclusions. several experiments, e.g. 
0-3 H.A. was injected, and the average third 
the injected dose was recovered the urine. After 
H.A. had completely mixed with the blood, the con- 
centration the whole blood could not have been 
greater than mg./100 ml., the blood volume 
assumed about 51. allowance made for 
oxidation the body and diffusion into the inter- 
cellular space, the concentration 
appreciably lower. The values found, mg./ 
are therefore quite reasonable. thus 
appears that, even normal man, the kidney 
threshold for H.A. well below 4mg./100 ml. 
normals aleaptonuria cannot produced feeding 
large quantities tyrosine mouth, and must 
mediate, never appears the blood appreciable 
amounts, and presumably rapidly oxidized the 
organ which first formed. The alcaptonuric 
has probably the same low kidney threshold the 
normal, but excretes H.A. high concentrations 
the urine, though the acid either absent from 
the blood present minute amounts only. 
reasonable explanation these findings that 
formed and normally further metabolized the 
kidney. accumulation H.A. occurs since its 
destruction faster than its formation. experi- 
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mental alcaptonuria this destruction may slowed 
down somewhat, some H.A. accumulates and 
excreted owing its low threshold. human 
alcaptonuria, the inhibition further oxidation may 
more complete, and consequently much larger 
proportion eliminated the urine. 

2:5-Dihydroxyphenylethylamine. This amine 
pressor substance somewhat weaker potency than 
3:4-dihydroxyphenylethylamine. more detailed 
study the pharmacological properties the new 
amine has been undertaken the Pharmacological 
Department, University Oxford, and will 
published elsewhere. The 
amine toxic, given vein, the mouse; dose 
125 mg./kg. body weight was found lethal. 
But given orally, the toxicity low, least the 
rat. Thus mg./day were tolerated quite well 
adult animals (300 g.). The amine appears 
readily metabolized since the administration such 
large doses did not produce any reducing material 
the urine. Moreover, hydroquinone derivatives 
could detected after treatment the urine with 
acid. Thus four derivatives hydroquinone, viz. 
2:5-dihydroxyphenylalanine (Neuberger, 1948), the 
corresponding ethylamine and the acetic and 
pyruvic acids are all readily metabolized the rat. 
This marked contrast the behaviour 
similar derivatives catechol. 3:4-Dihydroxy- 
phenylalanine only incompletely metabolized 
man (Guggenheim, 1913), the rabbit (Fromherz 
Hermanns, 1914) and the rat (Holtz Credner, 
1944), and the same applies 
ethylamine, far the rat concerned. the 
present work was found that 
acetic acid largely excreted unchanged the rat, 
even only relatively small doses are given. Homo- 
gentisic acid, the other hand, readily meta- 
bolized. thus appears that the mammalian 
organism much better adapted the oxidation 
hydroquinone than catechol derivatives, and this 
supports the conclusion that the former are normal 
intermediates metabolism. 


EXPERIMENTAL 


Preparation compounds 


1:4-Dimethoxy-2:5-di-(chloromethyl)-benzene. mixture 
1:4-dimethoxybenzene (69 g.), 40% formaldehyde solution 
(37-5 ml.) and 36% (w/v) HCl (350 ml.) was stirred for 
hr. 55°, whilst slow stream HCl was passed through 
the solution. The product was taken ethyl acetate, 
washed thoroughly with water and the ethyl acetate solu- 
tion dried and concentrated. Distillation the remaining 
oil vacuo gave unchanged 1:4-dimethoxy- 
benzene (32 g.) and the ether (34 g.). The 
m.p. the latter was (after recrystallization from 
benzene). This substance has previously been prepared 
Farbenindustrie (British Patent no. 347,892) and 
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stated have m.p. 165°. Variation the conditions such 


reducing the reaction time and temperature did not 
appreciably affect the result. 


Oxidation 1:4-dimethoxy-2-allylbenzene 


Oxidation with permanganate acetone. solution 
1:4-dimethoxy-2-allylbenzene (17-4 g.) acetone (100 ml.) 
was added over period hr. (52 g.) 70% (v/v) 
acetone (800 ml.). The solution was stirred and the tempera- 
ture kept 25-30°, the MnO, which was filtered off was 
extracted three times with boiling water (150 ml. each), and 
the combined solutions treated with SO, till colourless. The 
solution was then made alkaline and extracted with ether; 
this extract the ‘neutral’ fraction. The aqueous solution 
was then made acid congo red, concentrated vacuo 
low vol. and again extracted exhaustively with ether. The 
‘acidic’ ethereal solution was concentrated dryness, and 
the residue taken hot water, treated with charcoal 
and cooled. The crystalline material was collected and re- 
from water. had m.p. 125° and acid 
equiv. 194; for 196. Wolkow Baumann 
(1891) give m.p. 2:5-dimethoxyphenylacetic acid 124-5°. 
The mother liquor gave further crop crystalline 
material, fractional crystallization which gave some more 
the acetic acid and also 2:5-dimethoxyphenylbenzoic 
acid m.p. 76°; the latter hydrolysis gave gentisic acid. 
The yield 2:5-dimethoxyphenylacetic acid varied between 
and 18%. Lowering the temperature, reduction 
the amount used, did not appreciably increase 
the yield. 

The ‘neutral’ 
fraction the above oxidation was concentrated dryness, 
and the crystalline residue recrystallized from light petro- 
leum (b.p. 120-130°). had m.p. (Found: 62-2; 
with periodic acid showed the substance 1:2-glycol; 
0-106 the diol was dissolved little warm water and 
added acid ml.). The solution which 
became cloudy almost once, due the formation the 
phenylacetaldehyde, wasleft for was then extracted 
with ether, and the excess periodic acid titrated with 0-1N- 
arsenite, 1-17 ml. periodic acid had been used up; 
requires 1-19 ml. another experiment the formation 
formaldehyde was demonstrated the isolation the 
dimedone derivative. 

Oxidation with performic acid. mixture 30-5% (w/v) 
(35 ml.) and formic acid (50 ml.) was allowed stand 
18° for 0-5 hr. was then added three equal portions 
benzene and formic acid (90 ml.). After lag 
period 5-10 min. the reaction started; the temperature 
was kept cooling occasionally with ice water. 
After the exothermic reaction had subsided, the now homo- 
geneous solution was kept 50-60° for another 1-5 hr. The 
solution was concentrated under reduced pressure, and the 
residue refluxed with slight excess ethanol. 
The solution was neutralized, shaken with water and ether, 
and the ethereal solution dried. Removal the ether gave 
residue which was recrystallized three times from light 
petroleum (b.p. The diol was identified its 
m.p. and titration with periodic acid. Yield was 20%. 
Swern (1946) have obtained much better yields with 
purely aliphatic olefins. 
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Oxidation with permanganate water containing 
acetic acid 


1:4-Dimethoxy-2-allylbenzene (20 g.) was suspended 
water 1.) containing acetic acid (46 ml.), and the mixture 
stirred into (57 g.) dissolved water 
was then added over hr., whilst the temperature 
described Hill Short (1937), small amount 2:5- 
dimethoxyphenylacetic acid was obtained addition 
some diol. 


Preparation homogentisic acid from 


acid. The azlactone was con- 
verted 2:5-dimethoxyphenylpyruvic acid described 
Gulland Virden (1928). The crude keto acid (22-6 
was oxidized with (12-5 ml.) and 
(12-75 ml.) described these authors. the end the 
oxidation the alkaline solution was extracted with ether and 
then acidified with 36% (w/v) HCl (55 ml.). The solution 
was then again extracted with ether, and the ethereal 
solution dried and concentrated. The solution, which was 
obtained adding ethanol (150 ml.) and conc. 
(2-75 ml.) the remaining oil, was refluxed for hr. with 
exclusion moisture. Most the ethanol was then re- 
moved distillation under reduced pressure, water (75 
was added, and the two layers separated. The aqueous 
solution was extracted with ethyl acetate, and the combined 
oil and ethyl acetate extracts washed with After 
drying and removal the solvent, the oil was distilled 
mm. The first fraction (b.p. consisted ethyl 
benzoate, whilst the second fraction which amounted 
distilled 170-175°. The latter material was saponified 
boiling with for 0-5hr., extracted with 
ether and acidified. the white precipitate was added 
enough water dissolve most the material boiling, 
small amount oil was discarded, and the solution treated 
with charcoal. filtration and cooling crystalline material 
was obtained which was recrystallized twice from water. 
M.p. was 125°. Yield after recrystallization was 70%. 

Homogentisic acid. The dimethoxy acid was 
hydrolyzed boiling with 120 ml. HBr (sp.gr. 1-48) for 
hr. The solution was concentrated vacuo under and 
the residue taken hot water. This solution was again 
concentrated until crystals appeared. This solution con- 
taining some crystals was extracted three times with vol. 
ether. The ethereal solution, after drying, was concen- 
trated until crystallization began and chloroform was added, 
The crystalline material was filtered off and identified 
homogentisic acid. had m.p. gave the typical 
reaction with FeCl, and reduced Agt acid solution. Yield 
was 80% the theoretical. 


Preparation 2:5-dihydroxyphenylethylamine 


acid (77 g.) was dissolved 


NaOH and hydrogenated with Raney 
(10 suspension) and hydrogen 100 atm. and room 
temperature. The theoretical quantity hydrogen 
taken after hr. The filtered off and 
solution made acid congo red. After cooling the 
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was filtered off; amounted 74-5 After recrystalliza- 
tion from light petroleum (b.p. 120-130°) had m.p. 
67°. The material thus obtained was apparently mainly 
the form hydrate, spite having been dried over 
(Found: 59-0; 6-95. Calc. for 
7:02%.) Buck (1932) gives for the anhydrous acid m.p. 
101°. The hydrated material was dried 110° and 
0-1 mm. over for hr. The oil was then crystallized 
from light petroleum (b.p. The crystalline 
material now had m.p. 100° agreement with Buck. 

Ethyl propionate. mixture 
the above acid, ethanol (100 ml.), benzene (150 ml.) 
and conc. H,SO, (10 ml.) was refluxed for 10hr. 
Soxhlet apparatus containing anhydrous MgSO, 
the thimble. The cooled mixture was washed with water 
and the solvents removed. The ester distilled 
Yield was 90-95%. 

propionic hydrazide. The 
above ester was refluxed for 6hr. with 90% 
hydrazine hydrate (22 ml.) and addition sufficient amyl 
alcohol produce homogeneous solution. The mixture 
was cooled, diluted with ether and the hydrazide extracted 
with neutralization with NaOH the hydrazide 
precipitated crystalline form. After cooling was filtered 
off and dried. recrystallization from benzene water 
m.p. the hydrazide was 95-96°. (Found: 58-9; 7-1; 

hydrazide (34 g.) (153 ml.), stirred 0°, was 
added rapidly solution NaNO, (10-5g.) water 
(20 ml.). Ice was added keep the temperature below 10°. 
The azide, which separated pale-yellow oil, was ex- 
tracted with cold benzene, and the benzene solution washed 


with ice-cold saturated NaCl. The solution was then dried 


over and then over CaCl, and filtered. was 
then warmed cautiously until evolution began. After 
the reaction had abated, tle solution was refluxed with 
exclusion moisture for min. Most the solvent was 
distilled off, the residue was cooled and treated with cold 
HCl (200 ml. saturated 0°). warming, CO, was 
evolved. When the reaction appeared complete, most 
the was distilled off, leaving crystalline residue 
the hydrochloride. This had m.p. after recrystal- 
lization from ethanol. The bulk the hydrochloride was 
decomposed with excess NaOH, and the amine extracted 
with benzene. The benzene extract was dried and solvent 
removed. The amine distilled 100° Yield 
was 80%. 

2:5-Dihydroxyphenylethylamine hydrochloride. All opera- 
tions from now were carried out, far possible, 
atmosphere The above amine was hydrolyzed 
refluxing for min. with vol. (sp.gr. 1-7) which had 
been freshly distilled over red phosphorus. Excess was 
removed under reduced pressure leaving pale-yellow oil 
which could crystallized from acetone-ether. had 
m.p. 173°. The bulk the hydriodide was converted the 
hydrochloride follows: amine hydriodide was 
dissolved water (15 ml.) containing trace the 
solution was shaken with freshly prepared AgCl (3-0 g.) 
with addition (0-5 ml.). The mixture AgCl and 
was filtered off, washed with water, and the filtrate and 
washings concentrated dryness. The oil which remained 
was dissolved small amount ethanol and crystallized 
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addition dry ether. The hydrochloride was difficult 
crystallize, owing its great solubility and the ease with 
which oxidized, and was found advisable work with 
small amounts (2-3g.). After several recrystallizations 
from ethanol-ether the amine hydrochloride had m.p. 
170°. (Found: 50-8; 6-3; 7-1; Cl, 18-6. 
requires: 50-6; 6-3; 7-4; Cl, The amine 
formed crystalline diliturate; however, this salt decom- 
posed during recrystallization. The free amine which was 
prepared from the hydrochloride addition equiv. 
NaOH, crystallized well from water and had m.p. 
But attempts recrystallize the base, atmosphere 
N,, were unsuccessful owing its instability. keeping, 
the free base, sealed under nitrogen, decomposed within 
few days black tar. 


METABOLIC EXPERIMENTS 


Methods 


Feeding experiments and estimation homogentisic 
acid the urine were carried out described 
Neuberger (1947, 1948). 

experiments man, H.A. was dissolved 
pyrogen-free water (twice glass-distilled), and suffi- 
cient NaHCO, was added neutralize about 90% 
the acid. This solution was then passed through 
Seitz filter, and the concentration H.A. estimated 
iodometrically immediately before use. The final 
concentration was between and 4%. The solution 
was then quickly injected into the antecubital vein; 
samples ml. blood were withdrawn before the 
injection and intervals min., after the in- 
jection. H.A. was estimated the micro-iodometric 
and the Folin method (Neuberger al. 1947), and 
H.A. added plasma before removal the protein 
was used standard. 


Results 

Toxicity 2:5-dihydroxyphenylethylamine 

The mice used for these experiments weighed 
between and 25g. mg. the amine hydro- 
chloride (1% solution water) given vein 
three mice had effect; 2-5mg. produced im- 
mediate death two out three animals; mg. 
produced immediate death three out three 
mice. The surviving animals were observed for days 
and appeared normal. 


Feeding experiments rats 


Homogentisic acid. This was given mouth 
doses mg./day ten rats kept normal 
diets; there were reducing substances the 
urine, either before after hydrolysis with equal 
amount 100° for hr. 

2:5-Dihydroxyphenylethylamine hydrochloride. This 
was given mouth seven rats daily doses 
50-300 mg. There were toxic effects, and 
reducing substances could demonstrated the 
urine. 
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acid. The acid was 
given five rats daily doses 25-100 mg. all 
experiments the urine collected over the hr. 
following the administration reduced alkaline 
solution, and gave strong colour reaction with 
The reducing material was not isolated, but 
appears have been acid. could extracted 
into ether from acid, but not from neutral, 
aqueous solution and was most probably unchanged 
material. rough semi-quantitative estimation 
the aid the FeCl, reaction indicated that 
about mg. the 100 mg. given were excreted. 


Experiments man 


These experiments were done two healthy 
males, weighing and kg. respectively. 

dissolved vol. water were taken mouth 
with and without equivalent amount 
Urine was collected for hr. Results were com- 
pletely negative. 

Injection vein. Altogether, seven experiments 
were carried out, four with 0-3 and three with 
1-0 The results with the two subjects were similar. 
With the smaller dose the excretion H.A. the 
urine began within min. and lasted for min. 
and most the acid was eliminated the first 
min. The plasma level min. after the 
injection, varied between 2-5 and 3-8 mg./100 ml. 
return the initial value after about min. With 
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the bigger dose, the urinary excretion H.A. per- 
sisted for 28—40 min., the bulk again being eliminated 
the first min. The plasma level after min. 
varied between 8-0 and mg./100 ml. and re- 
turned normal within 20-25 min. The total 
amount excreted was 28-35 the injected dose 
with 0-3 and 48-64 with 1-0 


SUMMARY 


The preparation homogentisic acid 
various methods has been studied. The most con- 
venient synthesis found consisted oxidation 


peroxide, followed demethylation. 

2:5-Dihydroxyphenylethylamine has been pre- 
pared Curtius degradation the correspond- 
ing hydrazide. 

This amine was found readily metabolized 
the rat, and thus resembles other derivatives 
hydroquinone. 3:4-Dihydroxyphenylacetic acid, 
the other hand, was excreted largely unchanged 
indicated the reducing action the urine. 

Homogentisic acid, given vein but not 
mouth, man, produced short 
duration. concluded that the renal threshold 
for this acid very low, even the normal. 


The authors wish thank Barnes, University College 
Hospital, for assistance some preliminary experiments. 
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The Steroids Pregnant Mares’ Urine 
ISOLATION URANEDIOL SULPHATE* 


(Received May 1948) 


The first paper this series (Klyne, Schachter 
Marrian, 1948) describes general method for the 
extraction steroid conjugates from mares’ urine 
and the isolation allopregnenolone sulphate. 
The present paper deals with the isolation from the 
‘water-insoluble’ fraction the conjugates 
compound, sulphate, which appears the sul- 
phate the steroid ‘uranediol’, isolated 
from pregnant mares’ urine Marker, Rohrmann 
Wittle (1938). Derivatives ‘urane’, which may 
hydrocarbon isomeric with pregnane and allo- 
pregnane, have never been reported hitherto except 
Marker and his co-workers (Marker, Kamm, 
Crooks, Oakwood, Wittle Lawson, 1938; Marker, 
Kamm, Oakwood, Wittle Lawson, 1938; Marker, 
Lawson, Wittle Crooks, 1938; Marker, Rohrmann 
Wittle, 1938; Marker, Wittle Oakwood, 1938; 
Marker Rohrmann, 1939; Marker, 1941 1944; 
see also Parke, Davis and Co. 1940). 

Subsequent the isolation sulphate Klyne 
Paterson (1948) obtained from pregnant mares’ 
urine triol (compound T), apparently identical with 
‘uranetriol’ (Marker, Kamm, Oakwood, Wittle 
Lawson, 1938). 

RESULTS 
The ‘98% acetone solids, Fractions and B’, 
obtained the general method extraction (Klyne 
al. 1948) from two large batches late pregnancy 
urine, consisted the potassium salt new 
organic sulphate (potassium sulphate) fairly 
pure form. The yields from the two batches were 
and urine respectively. The potassium salt 
was transformed into p-toluidine sulphate, the 
analyses and equivalent which indicated that 
was probably the salt the monosulphate 
isomer pregnanediol, 
[CH,.C,H,.NH,]*. 

The p-toluidine salt was hydrolyzed hot acid 
the free hydroxy compound, analytical results for 
which agreed fairly well with those required for 
saturated dihydroxysteroid, Compound 

Preliminary accounts this work have been given 
the Biochemical Society: see Klyne (1946); Klyne 
Paterson (1948). 

Present address: 
London, 12. 


Medical School, 


Postgraduate 


absorbed hydrogen shaking with Adams 
PtO, catalyst glacial acetic acid for hr., and 
gave negative tetranitromethane, Zimmermann and 
Millon reactions. formed precipitate with 
digitonin 90% ethanol, indicating the probable 
presence 3(8)-hydroxyl group. concentrated 
gave immediate orange-red colour with 
slight green fluorescence, and the Liebermann- 
Burchardt test immediate deep crimson colour. 

Compound gave with acetic anhydride and 
pyridine diacetate, and with 
CrO, glacial acetic acid oxidation 
product ketone, The latter, treatment 
with excess semicarbazide hydrochloride and sodium 
ketone was recovered substantially unchanged after 
boiling with aqueous ethanolic for min. 

ketone Clemmensen reduction gave 50% 
yield compound provisionally called hydro- 
carbon, which was saturated tetranitromethane. 
single elementary analysis this compound gave 
results which differed considerably-from those calcu- 
lated for the expected formula. (Found: 84-4; 
14-8. requires: 87-4; 12-6%.) Lack 
material prevented repetition the Clemmensen 
reduction, and the author prefers regard the 
nature the product doubtful, although Marker, 
Kamm, Oakwood, Wittle Lawson (1938) gave fora 
product, obtained the same way from ‘uranetriol’, 
analytical figures good agreement with those 
required 


EXPERIMENTAL 
Methods 


Melting points. These were determined the improvised 
Kofler hot-stage apparatus Klyne Rankeillor (1947) 
and are corrected. Speed heating m.p., 
Limits error, +2°. 

Specific rotations. See Klyne al. (1948). 

Micro-analyses. These are Minnis unless 
otherwise stated. 

This expression indicates the follow- 
ing operations: solution the reaction product 
organic solvent (usually ether) was washed with 
Na,CO,, and three times with water; 
was then dried over anhydrous the latter filtered 
off, and the solution evaporated dryness. 


39-2 


n 

iS 


Isolation p-toluidine sulphate 


The ‘water-insoluble’ fraction (19-4 g.) from 2701. late 
pregnancy urine was submitted the ‘98% acetone’ 
treatment (Klyne al. 1948) using 
100 ml. fractions. The acetone solutions yielded solid 
cooling, but heating without concentration gave 
crystalline precipitates, Fraction (1090 mg.), which did 
not redissolve cooling and were filtered off. 

The water-insoluble’ fraction (9-9 g.) from another batch 
late pregnancy urine (530 1.) was submitted the ‘98% 
this case the acetone solutions yielded cooling room 
temperature some dirty-white amorphous material (360 mg.) 
from which pure compound could obtained. The 
filtrates from this material standing gave crisp 
white amorphous solid, Fraction (360 mg.). After this 
fraction had been removed filtration the mother liquors 
were heated without concentration, but Fraction 
separated. 

The above Fractions and (crude potassium sul- 
phate), treatment with p-toluidine hydrochloride 
aqueous solution described for sulphate (Klyne al. 
1948), yielded fairly pure p-toluidine sulphate, which 
when recrystallized from water formed very fine white 
ethanol (c, 3-0). (Found: 66-6, 66-1; 9-1, 9-0; 
6-4; equivalent, 521, 522. 
requires: 66-2; 8-9; 6-3%; equivalent 507.) 


Compound 


p-Toluidine sulphate was hydrolyzed hot 
described for sulphate (Klyne al. 1948), except that 
hr. heating 100° gave better yield than hr. heating 
(88 against 67%). Compound after repeated crystal- 
lization from ethanol water vol.) formed needles, 
m.p. 211-213°, subliming mm.; 
ethanol (c, 1-8). (Found: 78-3, 77-9; 
11-4, 11-2. requires: 78-7; 

Compound (12 mg.) was treated with acetic anhydride 
ml.) and pyridine ml.) for hr. The pro- 
duct, diacetate, after the usual working and recrystal- 
lization from aqueous formed glistening plates, 
m.p. 159-5-160-5°, subliming 190°/0-1 mm.; 
+0-7° chloroform (c, 1-4); ethanol 
requires: 74-2; 10-0%.) 


KLYNE 


1948 


adding few drops ethanol and the mixture diluted with 
ether. The usual working gave ketone, which after 
crystallization from ethanol-water (2:1) formed plates, 
m.p. 171-173°, subliming 
chloroform (c, 1-2). (Found: 79-4, 79-4; 

ketone mg.) ethanol ml.) was treated with 
semicarbazide hydrochloride (3-2 mg.) and hydrated sodium 
acetate mg.) water (0-5 ml.), and allowed stand 
15-20°. After more semicarbazide hydrochloride 
and hydrated sodium acetate (10-0 mg.) were 
added. After days most the ethanol was evaporated 
and the semicarbazone was precipitated with water, filtered, 
washed and dried. After recrystallization from ethanol 
formed white powder, m.p. with browning, after 
softening (Found: 12-1. (mono- 
semicarbazone) requires 11-1. (disemicarb- 
azone) requires 


Clemmensen reduction ketone 


ketone (6-0 mg.) was dissolved glacial acetic acid 
(2-5 ml.) and conc. HCl (2-5 ml.). Amalgamated wool 
g.) was added, and the mixture was refluxed for hr., 
ml. mixture glacial acetic acid and (1:1) 
being added after each hour. The reaction mixture was 
diluted with hexane, and the usual working gave white 
solid mg., m.p. not less than 90°). This material was 
Schodder, 1941); pentane eluted mg. product which 
melted after softening from 103°, and recrystal- 
lized long prisms cooling 109°. Recrystallization 
from acetone (c. ml.) gave hydrocarbon’, glistening 
leaflets, m.p. after softening 116° (recrystallized 
partly cooling 123°). (Found: 84-4; 
carried out 1-8 mg. substance the Chemistry De- 
partment, University Glasgow.) 


DISCUSSION 
Comparison the properties compound and 


‘its derivatives with those reported Marker, 


Rohrmann Wittle (1938) for uranediol and its 
derivatives indicates that the two series com- 
pounds are almost certainly identical (see Table 1), 
although the present author has been unable obtain 
samples Marker’s materials for direct comparison. 


Table Comparison compound and its derivatives with urane compounds 


Diol, 

Dioldiacetate, 

Ketone, 

Ketone semicarbazone, 
Hydrocarbon, (?) 


Compound dissolved glacial acetic acid 
(7-0 ml.), was treated with solution CrO, (16 mg.= 
atoms oxygen) acetic acid (1-2 ml.) and allowed 
stand for 15-20°. Excess CrO, was reduced 


Urane series, 


series Marker 

(m.p.) (m.p. (uncorr.)) 
211-213° 210° 
160° 
171-173° 
245° 
128° 


The only connexion between the urane series and 
compounds known structure supposed trans- 
formation uranetrione into pregnane-3:20-dione 
and uranedione reported Marker, Kamm, Oak- 
wood, Wittle Lawson (1938) (see also Parke, 


Vol. 


Davies and Co. 1940; Marker, The trans- 
formation involved six stages; intermediates 
were purified, and the final yield pregnanedione 
was 5%. The author feels that little weight can 
given such evidence and that the uranetriol, 
from which the uranetrione was originally made, may 
have been contaminated with little pregnanediol. 

Marker, Kamm, Oakwood, Wittle Lawson 
(1938) suggested that urane was epimeric with preg- 
nane C,, and that uranetrione was 9-isopregnane- 
3:11:20-trione (I). They originally suggested that 
uranedione was the 3:20-diketone, but later Marker, 


Rohrmann Wittle (1938) formulated the 
(II). The partial transformation 
uranetrione into pregnane-3:20-dione was thought 
Marker, Wittle Oakwood, 1938). 

evidence for against for 
urane available either from Marker’s from the 
present work, and the only evidence favour 
group uranedione ketone) and urane- 
trione the inertness one keto group these 
compounds. Marker’s suggested 11-keto-9-iso-struc- 
ture for these compounds probably incorrect. 
Such structure would type, 
and would isomerized heating with acid the 
corresponding type (cf. coprostane- 
3:6-dione, which gives with acid cholestane-3:6- 
dione; Butenandt, Schramm Kudszus, 1937); 
however, uranetrione (Marker, Kamm, Oakwood, 
Wittle Lawson 1938) and ketone are stable 
acid. The stability these ketones acid also 
excludes the possibility 14-n-17-iso-20-keto 
structure, since such compounds are isomerized 
acid the corresponding 14-n-17-n compounds 
(Butenandt, Schmidt-Thomé Paul, 1939; Shoppee, 
1940; Shoppee Reichstein, 1940). 
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certainly different from any known compound. 
Shoppee (1944) gave list C,, hydrocarbons 
known that date. His diginane now known 
5-allo-14-iso-17-isopregnane (Press Reichstein, 
1947); has also been 
made (Meyer, 1947). The possibility that ‘urane’ 
analytical figures for compounds these series 
not differ greatly from those for the C,, series. 

The constitution ‘urane’ will investigated 
further when more material available. 


SUMMARY 


organic sulphate has been isolated from 
pregnant mares’ urine its p-toluidine salt, which 
acid hydrolysis yields compound 
apparently identical with uranediol. 

The reactions compound have been 
studied. 

Previous views the structure urane com- 
pounds are discussed. 


The author indebted the Agricultural Research 
Council for grant which defrayed the greater part the 
expenses this work, also the Moray Fund and the 
Lewis Cameron Fund the University Edinburgh for 
other grants. grateful Organon, Oss, Holland, 
for the gift large volume mares’ urine and facilities 
for working this up; also British Drug Houses Ltd., the 
Ovaltine Research Laboratories and the Animal Diseases 
Research Institute, Moredun, Edinburgh, for gifts urine. 
Without their willing co-operation this research could not 
have been carried out. also indebted Prof. 
Marrian, for constant help and encouragement, 
Prof. Cook, F.R.S., for one micro-analysis and one 
hydrogenation carried out his Department the Uni- 
versity Glasgow, and Purdie for much valuable 
help stable and laboratory. 
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The Steroids Pregnant Mares’ Urine 


(Received May 1948) 


has been isolated from 
pregnant mares’ urine after hydrolysis Marker, 
Lawson, Wittle Crooks (1938), Heard McKay 
(1939), and Oppenauer (1941). The present paper 
describes the isolation this compound its sul- 
phate. 


RESULTS 


Pregnant urine was extracted the method 
described Part this series (Klyne, Schachter 
Marrian, 1948), and the crude conjugates obtained 
potassium salts certain acetone mother 
liquors’ and acetone solids’ were treated 
aqueous solution with the hydrochlorides various 
organic bases attempt obtain crystalline 
derivatives. The hydrochlorides used, which have 
been employed for the characterization carboxylic 
and sulphonic acids and have also been found 
give crystalline salts with simple organic sulphates 
(Barton Young, 1943; Klyne, unpublished obser- 
vations), were follows: p-toluidine, benzylamine, 
and cyclohexylamine hydro- 
chlorides, piperazine dihydrochloride and 
chloride. Piperazine dihydrochloride 
gave with the potassium salts the crude conju- 
piperazine sulphate. 

This sulphate acid hydrolysis gave product 
(compound X), which, after purification the 


For preliminary account this work see Paterson 
Klyne (1948). 


Present address: Medical School, 


London, 12. 


acetate, was shown identical with allopregnan- 
Authentic 
one was converted into its sulphate (pyridine salt) 
treatment with pyridine-sulphur trioxide (ef. 
Sobel Spoerri, 1941), and the pyridine salt trans- 
formed into the piperazine salt. This synthetic piper- 
azine allopregnanolone sulphate and the piperazine 
sulphate from mares’ urine had identical melting 
points and mixed melting point. However, analysis 
showed that the synthetic sulphate contained 
molecules water crystallization even after 
drying vacuo 80° for hr., while the mares’ 
urine sulphate was anhydrous after drying for hr. 
the same conditions. Each sample had been 
crystallized from ethanol-water, and explanation 
the difference composition can given. 


EXPERIMENTAL 


Melting points. These are corrected (see Klyne, 1948). 

Micro-analyses. These are Minnis. 

Specific rotations. See Klyne al. (1948). 

‘Usual working up.’ See Klyne (1948). 

Chromatograms. These were carried out with 
supplied Peter Spence and Co. Ltd., Widnes (Grade 
100-200 mesh), the activity being determined according 
Brockmann Schodder (1941). The proportions used were 
eluent (each fraction), 100 ml. all cases the height the 
column was 1-1-5 times its diameter. The proportions 
mixed solvents are given (v/v). 

Isolation sulphate sul- 
phate) piperazine salt, Late pregnancy urine (530 was 
extracted the procedure previously described (Klyne 
al. 1948) and the fraction submitted 


Vol. 


acetone extraction. The acetone solutions from which 
potassium sulphate had been removed (see Klyne, 1948) 
were concentrated small volume and cooled, when 
amorphous solid, ‘Fraction C’, separated. This was filtered 
off and the mother liquors evaporated dryness, giving 
light-brown solid (2-5 g.). This material dissolved the 
minimum volume hot water was treated with piperazine 
dihydrochloride (1-2 g.), dissolved the minimum volume 
water. The light-brown precipitate which formed was 
recrystallized from water containing 10% (v/v) ethanol, 
giving 1-0 product, m.p. (decomp.): further 
recrystallized three times from the same solvent, piperazine 
sulphate formed small plates with m.p. constant 
241° (decomp.). further quantity the same compound 
was similarly obtained from the amorphous ‘98% acetone 
solids, Fraction C’, mentioned above. 

The salt was moderately soluble water and rather more 
soluble ethanol. (Found (after drying vacuo 80° for 

Compound and acetate. Piperazine sulphate 
(350 mg.) was dissolved hot water (500 ml.) and ethanol 
(50 ml.), and conc. HCl (50 ml.) was added. The mixture 
was heated 100° for cooled, and extracted with 
ether 300 ml., 150 ml.); the usual working gave 
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aqueous methanol, followed another sublimation had 
m.p. acetate gave coloration with tetra- 
nitromethane, but gave purple coloration the Zimmer- 
mann ketosteroid test. With digitonin 90% (v/v) 
ethanol ppt. was slowly formed (cf. 
one acetate, Butenandt Mamoli, 1935). (Found: 76-7, 
77-0; 10-2. Cale. for 76-6; 10-1%.) 

More acetate was prepared from another sample 
piperazine sulphate, which had been obtained from the 
acetone solids, Fraction C’, from the same batch 
urine. The purification was similar that described above, 
except that the crude free hydroxy compound was also 
submitted Girard separation. 

Hydrolysis acetate. acetate (18 mg.) methanol 
ml.) mixed with solution KHCO, (19 mg.) water 
ml.) was refluxed for After cooling, the mixture 
was extracted with ether (100 ml.) and worked usual. 
The product, crystallized from benzene-hexane, gave com- 
pound mg.), short rods, m.p. subliming 
acetate are compared with those authentic allopregnan- 
and its acetate (prepared catalytic hydro- 
genation acetate (Plattner, 
Heusser Angliker, 1946)) Table 


Table Comparison compound and 


Hydroxy compound: 

M.p. 

Mixed m.p. 

chloroform (c, 1-0) 
Acetate: 

M.p. 

Mixed m.p. 

chloroform (c, 1-0) 
Piperazine salt sulphate: 

M.p. (decomp.) 

Mixed m.p. (decomp.) 


+89-7°+1-2° 


alloPregnanolone 


+70-9° +0-5° 


239-241° 


Barton Cox (1948) give the following values: allopregnanolone, m.p. 194-195° (uncorr.); chloroform 
(c, 1): acetate, m.p. +77° chloroform 1). 


181 mg. product. Chromatography this material 
(activity failed yield any fraction sharp 
m.p. The bulk the material (130 mg.), which was eluted 
with benzene-ether mixtures, was recombined, dissolved 
90% ethanol ml.) and treated with digitonin (500 mg.) 
90% ethanol (5ml.). The precipitate was centrifuged, 
washed twice with 90% ethanol and dried (530 mg.); was 
then dissolved dry pyridine (10 ml.) and the solution 
diluted with dry ether (100 ml.), yielding ppt. which was 
centrifuged and washed twice with ether; the ethereal 
solution and washings after thorough washing with dilute 
acid and the usual working gave the digitonin-precipit- 
able fraction (105 mg.). This fraction acetylation (acetic 
anhydride ml.), pyridine ml.); hr. usual 
working up) gave colourless oil (120 mg.), which was 
chromatographed activity II). Most the material 
was eluted with hexane-benzene (90:10 and mixtures. 
These fractions, which had similar melting points, were 
combined and recrystallized from methanol-water (2:1, 
v/v) giving acetate (24 mg.), m.p. 124-130°. After sub- 


Preparation piperazine sul- 
phate. (320 mg.) dry benzene 
(14 ml.) was mixed with pyridine-sulphur trioxide reagent 
(320 mg.) (Baumgarten, 1926; Baumgarten Marggraff, 
1931) and heated 100° for After cooling, light 
petroleum (b.p. 140 ml.) was added and the mixture 
kept for hr. The white solid which separated was 
centrifuged and washed twice with small quantities light 
petroleum. The solid was then extracted six times with 
small quantities warm CHCl, which, when filtered and 
evaporated, yielded whitish solid. This was taken 
and hexane (approx. 1-5 vol.) added. cooling 
pyridine allopregnanolone sulphate was obtained small 
rods, 195 mg., m.p. (decomp.). This pyridine salt 
(17 mg.) was dissolved the minimum volume water and 
treated with piperazine dihydrochloride the 
minimum volume water. The precipitate which formed 
was recrystallized twice from water containing 10% (v/v) 
ethanol give piperazine sul- 
phate (9mg.), m.p. 239-241° (decomp.). (Found (after 
drying vacuo 80° for hr.): 60-3, 60-1; 8-5, 8-5; 
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comparison with piperazine sulphate, see Table 


SUMMARY 


sulphate has been iso- 
lated from pregnant mares’ urine and identified 
its piperazine salt. 


1948 


are indebted the Agricultural Research Council for 
grant which defrayed the greater part the expenses 
this work, also the Moray Fund and the Lewis Cameron 
Fund the University Edinburgh for other grants. 
are grateful Organon, Oss, Holland, for the gift 
large volume mares’ urine and facilities for working this 
up. are also indebted Prof. Marrian, for 
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Prof. Reichstein (Basel) for gifts 
ol-20-one acetate. 
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Carbon Dioxide Fixation Animal Tissues 


STERN (Fellow the Medical Sciences, National Research Council, Washington), 
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University Sheffield 


(Received May 1948) 


now firmly established that carbon dioxide can 
incorporated into compounds animal 
tissues. Two primary reactions are known, viz. 


(1) Pyruvate (Wood Werkman, 


1940). 
(2) oxalosuccinate (Ochoa, 1945). 


Previous work CO, fixation was concerned 
mainly with establishing its existence and studying 
the enzymic mechanisms involved; information 
the rates reactions (1) and (2) animal tissues 
has remained scanty. The work reported this 
paper was undertaken order collect data the 
rates these two reactions various animal tissues 
and assess their quantitative significance 


metabolism. 
METHODS 


Owing the instability and reactivity the initial products 
the measurement the rates reactions (1) and (2) offers 
great experimental difficulties. Direct determination 
oxaloacetate oxalosuccinate would not indicate the 
extent reactions (1) (2) because these compounds 


undergo rapid secondary changes. Oxaloacetate yields 
fumarate, malate, succinate, citrate and «-ketoglutarate; 
oxalosuccinate yields isocitrate, cisaconitate and citrate. 
These substances can arise under aerobic well an- 
aerobic conditions. 

Reaction (1) was examined two ways. First, the sum 
and succinate formed anaerobic incuba- 
tion with pyruvate and CO, was determined. Data pub- 
lished Krebs, Eggleston, Kleinzeller Smyth (1940), 
the anaerobic products formed from oxaloacetate various 
tissues, showed that the sum succinate plus 
tarate formed was fairly constant, amounting 
the oxaloacetate utilized. The other products showed much 
greater variation. The sum succinate plus 
formed, therefore, may taken represent approxi- 
mately one fifth the CO, fixed reaction (1). 

second indirect method studying the rate reaction 
(1), applicable only, based the fact that the 
oxidation succinate largely prevented the addition 
malonate. The interruption the tricarboxylic acid cycle 
the stage succinate causes the bulk the di- and tri- 
carboxylic acids accumulate succinate provided the 
rate respiration somewhat greater than that the 
carboxylation pyruvate. The amount succinate found 
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addition malonate alone thus indicator the 
total di- and tri-carboxylic acids the tissue, and the in- 
crease found addition pyruvate may ascribed 
carboxylation. 

For the study reaction (2) was decided incubate 
tissues anaerobically with and measure 
the formation citrate. one assumes that all the oxalo- 
succinate formed through reaction (2) reduced 
citrate, then 89% would appear citrate the 
presence aconitase. possible that secondary re- 
actions citrate may occur, the rate (2) may greater 
than the amount citrate formed indicates. the other 
hand, citrate can formed under some conditions other 
mechanisms, but these were probably quantitatively in- 
significant except when oxaloacetate was present. Anaerobic 
conditions were chosen order exclude the formation 
citrate the oxidative reactions the tricarboxylic acid 


EXPERIMENTAL 


The experiments were carried out minced homogenized 
material. Pigeon, rat and guinea pig brains were homo- 
genized stainless-steel homogenizer similar the glass 
apparatus Potter Elvehjem (1936). Pigeon liver was 
minced the Fischer apparatus (Fischer, 1925), other 
tissues the Latapie mill. The minced tissue was sus- 
pended saline medium the proportion part tissue 
plus 6-5 parts medium, unless otherwise stated. The 
following media were used: 

(1) Phosphate saline 7-4 (Krebs Eggleston, 
with O,. 

(2) Phosphate-saline-bicarbonate, prepared adding 
ml. 100 ml. medium (1). Gas: 
CO, O,. The final bicarbonate concentration 
was and when equilibrated with the gas mixture 
the this medium was approximately 7-4. 

dried baker’s yeast ml. water was placed 
boiling water bath for min. and then filtered. Boiled 
muscle extract was similarly prepared from mixture 
part minced pigeon-breast muscle and part phos- 
phate saline. 

Tissue suspension ml.) was pipetted into the main 
eompartment Warburg cup. Further additions (sub- 
strates, inhibitors, buffer water) amounting ml. were 
placed the side arm, that upon mixing the final sus- 
pension contained part tissue parts suspension. 
anaerobic experiments stick yellow phosphorus was 
placed the centre well. The contents the side arm were 
mixed with those the main compartment immediately 
before placing the manometers the water bath 40°. 
the end the incubation period the manometers were 
removed from the bath, the cups detached, placed iced 
water, and ml. was added the suspensions 
stop the reaction. 

For the determination the sum succinate and 
ketoglutarate, the acidified tissue suspension was depro- 
teinized with tungstic acid. Succinate and the sum 
succinate plus «-ketoglutarate were determined the pro- 
cedure Krebs Eggleston (1945) the earlier experi- 
ments. Later, whenit was realized that glutamate interfered, 
modified method (Krebs Eggleston, 1948) was used. 
Glutamic acid was determined according Gale (1945). 
represented the sum glutamic acid plus glutamine. For 
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the determination citrate the contents the cup were 
washed with water into ml. cylinder, diluted 
ml. and mixed with ml. 20% metaphosphoric 
acid. measured part the clear filtrate this suspension 
was used for the citrate determinations. Citric acid was 
determined colorimetrically the manner described 
Krebs Eggleston (1944) using Spekker absorptiometer 
and no. filter. 

For purposes calculation the dry weight was taken 
30% the wet weight the case liver and 20% for 
other tissues. 


RESULTS 


Anaerobic formation succinate and 
glutarate presence pyruvate 


Various tissues the pigeon (liver, brain), rat (liver, 
kidney cortex, skeletal muscle), guinea pig (liver, 
brain), and sheep (liver, kidney cortex, heart, brain, 
spleen, pancreas and lung) were examined. Only 
pigeon liver, which already known convert 
pyruvate into succinate and «-ketoglutarate, was 
increased yield these substances observed. 
the experiments other tissues gave essentially 
negative results they will only summarily re- 
ported. the first experiments all tissues 
contain initially some ‘succinate plus 
glutarate’ (25-150 mg./100 wet wt., expressed 
succinic acid). anaerobic incubation without 
addition pyruvate (40 min. 40°), these dicarb- 
oxylic acids increased mg./100 all 
tissues tested save rat muscle and sheep lung. 
Addition pyruvate did not result any 
further increase these dicarboxylic acids, except 
pigeon liver. 

this stage the investigation was realized 
that glutamic acid interfered with the determination 
«-ketoglutarate and succinate also yielding 
succinate treatment with permanganate, and 
some the above experiments were then repeated 
with the modified method avoiding this source 
error (Krebs Eggleston, 1948). With this method 
400 mg. fresh avian mammalian tissue yielded 
detectable amounts succinate «-keto- 
(i.e. less than 0-05 mg.) and Gale’s (1945) 
method showed that they contained mg. 
glutamic acid. Further, anaerobic incubation 
mammalian tissues 40° (pH 7-4; substrate 
added; min.) the amount glutamic acid in- 
creased 50% more, possibly result 
hydrolysis proteins peptides, whilst little 
succinic acid 0-05 mg.) and «-ketoglutaric acid 
was formed. must, therefore, concluded that 
the succinic acid found the earlier experiments had 
arisen from glutamic acid oxidation with per- 
manganate. 

The above results not contradict those 
Moyle (1924) who found that succinic acid was 
present muscle and increased anaerobic in- 
cubation, for the amounts she reported would not 
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measurable the procedure employed the present 
work. 

confirmation previous work was found that 
succinate and «-ketoglutarate were formed pigeon 
liver anaerobic incubation the absence 
pyruvate, and that addition pyruvate 
increased the yields. contrast mam- 
tissues, change occurred the initial 
acid concentration pigeon liver 
anaerobic incubation without pyruvate. Table 


Table Anaerobic synthesis succinate plus 
pigeon liver 


(400 mg. fresh liver ml. suspension. 
the increase the sum succinate and «-ketoglutarate 
during incubation. The initial value the sum was 
mg.) 


Incubation 
time 
Gas (min.) pyruvate pyruvate 
1-4 2-1 
5-0 


the rates formation succinate plus «-keto- 
glutarate pigeon liver are given terms the 
metabolic quotient dry wt./hr.). These 
rates are comparable magnitude those reported 
earlier from this laboratory (Evans, 1940; Krebs 
Eggieston, 19406). the assumption that anaero- 
bically 20% the total oxaloacetate formed 
reaction (1) was converted succinate plus «-keto- 
glutarate, the initial rate reaction (1) was the 
presence pyruvate and N,. all the other 
tissues examined, where formation succinate 
plus was detectable addition 
pyruvate (i.e. less than was present 
400 mg. wet tissue after min. incubation), the rate 
been below 

The malonate technique was applied the same 
tissues. Addition tissues sus- 
pended saline medium containing 
malonate did not increase the yield succinate 
a-ketoglutarate beyond that obtained with malonate 
alone except pigeon liver and sheep-kidney cortex. 
the latter tissue between and 1-0 
(average 0-6 for five experiments) with malonate 
alone and was increased addition pyruvate 
values between and 3-0 (average for five 
experiments). pigeon liver Evans (1940) found 
and 8-7 with malonate and With 
the revised technique for determination succinate 
and «-ketoglutarate, similar values were obtained. 
and pyruvate (10 min. incubation). With regard 
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the interpretation these figures relevant that 
the aerobic conversion oxaloacetate into succinate 
requires three oxygen atoms. the pigeon 
liver the presence pyruvate about the 
aerobic reactions about 12. Additional succinate 
and «-ketoglutarate, already discussed, can 
formed anaerobic reactions, but clear that 
the rate carboxylation pyruvate, terms 
about more, only part the 
oxaloacetate will converted into succinate. The 
yield succinate the malonate experiments 
pigeon liver, computed from other experiments. 


Anaerobic formation citrate presence 


(a) Pigeon liver 


Citrate synthesis. Table shows the amounts 
citrate formed minced pigeon-liver suspensions 
upon anaerobic incubation with various substrates. 


Table Anaerobic citrate synthesis from 
glutarate and other substrates pigeon liver 


(400 mg. fresh tissue ml. suspension. Incubation 
period min. Phosphate-saline-bicarbonate (0-02m) 

Citrate formed 


Exp. Additions 
None 

None 

124 

206 


Pyruvate and oxaloacetate both alone and com- 
bination yielded citrate, confirming the results 
Krebs Eggleston (19406) and Evans (1940). 
Amounts citrate similar magnitude were also 
separate experiments varied from 2-4 4-1 
(average 3-8) when the incubation period was min. 
Other substrates such 
fumarate, succinate, acetoacetate and 
butyrate (all final concentration) did not form 
measurable amounts citrate, i.e. less than 
120 mg. dry liver. 

Time course citrate synthesis from «-keto- 
glutarate. Table demonstrates the time course 
the citrate formation from added «-ketoglutarate. 
The initial rate was very rapid 30), but 
the reaction quickly came standstill; the 
maximum yield citrate was obtained within 
min. 


Vol. 


Table course citrate synthesis from 
pigeon liver 


Other conditions Table 2.) 


Time Citrate formed 
(min.) (yl.) Qeitrate 
4 95 — 


amount citrate formed increased when the con- 
centration «-ketoglutarate was raised from 0-005 
0-02m (Table 4). Increasing the concentration 
beyond 0-02m did not raise the yield citrate. 


Table Effect «-ketoglutarate concentration 
citrate synthesis pigeon liver 


(Conditions Table 2.) 


a-Ketoglutarate Citrate formed 


0-005 
0-01 
0-02 
0-04 
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the blood plasma. Three experiments performed 
phosphate-saline medium and atmosphere 
nitrogen without carbon dioxide with alkali the 
centre well absorb carbon dioxide, yielded small, 
just measurable, amounts citrate each case 
dioxide rigorously under these conditions, because 
its constant production from «-ketoglutarate the 
tissue suspension. 

changing the carbon dioxide content the gas 
mixtures. Thus, addition changes pH, the 
concentration free carbon dioxide varied, while 
that bicarbonate remained constant. The data 
Table show that citrate formation increased when 
fell from 7-73 6-95. was the same 7-73 
and 8-04. 

various substrates. Representative 
effects various substrates the anaerobic citrate 
formation from «-ketoglutarate are shown Table 
Acetoacetate, and succinate 
(each concentration) inhibited citrate 
formation about 30%, caused 
inhibition and was without 
effect. 


Table Effect bicarbonate (or carbon dioxide) concentration citrate synthesis 
pigeon liver 


(Except for CO, and bicarbonate concentration, conditions Table 2.) 


Gas Bicarbonate 
0-0019 
2-14 
4-52 0-0217 
0-0591 


Effect bicarbonate and carbon dioxide concen- 
tration. the following experiments the concen- 
trations bicarbonate and carbon dioxide were 
varied about the same proportions that the 
remained approximately constant. Various amounts 
bicarbonate solution were added sus- 
pension minced liver phosphate-saline medium 
and the gas spaces the vessels were filled with 
corresponding mixture carbon dioxide nitrogen. 
The actual bicarbonate concentration the final 
tissue suspension was determined experimentally 
each instance duplicate sample. The amount 
citrate formed rose the concentration bicar- 
bonate increased from 0-002 0-06m (Table 5). 
The optimum concentration bicarbonate 
rather higher than the concentration 
employed routinely other experiments because 
this the approximate concentration bicarbonate 


Citrate formed with substrates 


0-02 


glutarate 

7-40 

7-42 113 

7-41 143 

7-45 162 


pigeon liver 
Other conditions Table 2.) 


Gas Citrate formed 


1-05 8-04 

2-14 
4-52 7-40 

6-95 112 


Ammonium chloride completely abolished 
citrate formation. and ammonia 
are known form glutamic acid under the con- 
ditions the present experiments and this reaction 
can coupled with the conversion citrate into 
(Adler, von Euler, Giinther Plass, 
1939; Krebs, Eggleston Hems, 1947). The effect 
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Table Effect various substrates citrate 
synthesis pigeon liver 


present each instance. Other 
butyrate has been corrected for interference.) 


Citrate 

formed 
Exp. Additions 
None 
0-02 
None 
0-02 m-Acetoacetate 
0-02 m-Succinate 
0-02 109 


ammonium chloride the yield citrate 
probably connected with this dismutation. 
Glutamate had appreciable effect citrate 
formation. The small increase shown Table was 
not found regularly. 

Fumarate caused increased yield 
citrate the presence «-ketoglutarate (Tables 
and 8). The increase varied from 100% 
different livers. with «-ketoglutarate alone the 
maximum yield citrate the presence both 
and fumarate was reached within 
min. The effect fumarate depended the 
bicarbonate and carbon dioxide concentrations 
(Table and was greatest suboptimal concen- 
trations. Fumarate alone did not yield citrate. 
Malate was not examined since may taken for 
granted that behaves like fumarate. 

Oxaloacetate alone, well known, gives rise 
citrate and short-term (12 min.) experiment 
(Table Exp. the effects oxaloacetate and 
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were roughly additive. experi- 
ment where the period incubation was min. 
(Table Exp. oxaloacetate and 
together gave more citrate than could accounted 
for additive action only. 

Ochoa’s (1945) mechanism citrate formation 
involves the reduction oxalosuccinate isocitrate, 
was thought that addition hydrogen donator 
might accelerate the formation citrate. Hypo- 
sulphite which known regenerate the reduced 
form the coenzymes (Warburg, Christian Griese, 
1935) was, therefore, added but caused 
considerable inhibition (Table Exp. which was 
not affected simultaneous addition lactate. 

detailed study the inhibition t-lactate 
showed that the inhibition was greater the higher the 
lactate concentration (Table Exp. 1), and that 
was the same order the presence added 
fumarate oxaloacetate with «-ketoglutarate 
alone. Lactate also inhibited citrate formation from 
oxaloacetate alone, and from oxaloacetate plus 
pyruvate (Table Exp. 2). Pyruvate (0-02m) did 
not affect lactate inhibition. some experiments 
L-glutamate partly wholly reversed the 
inhibition lactate (Table Exps. and 3). The 
anaerobic oxidative removal citrate was not 
affected 

Aerobic citrate synthesis. Aerobically the yields 
citrate the presence «-ketoglutarate were 
about 40% higher than anaerobically (Table 10). 
The effects various substances the presence 
oxygen were similar those observed anaerobic 
experiments. Since the interpretation aerobic 
experiments complicated the fact that citrate 
may arise other reactions (i.e. through the 
carboxylic acid cycle) these experiments were not 
pursued. 


Table The effect oxaloacetate, fumarate, lactate and hyposulphite citrate synthesis 
pigeon liver 


(Incubation period min. for Exp. and min. for Exp. Other conditions Table 2.) 


Citrate 

formed 
Exp. Additions 
0-02 
165 
121 
0-036 
0-02 
0-02 182 


243 
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Table The effect lactate citrate synthesis under various conditions pigeon liver 


(Conditions Table 2.) 


Exp. Additions 
151 

0-02 

124 

0-02 100 

112 


Table 10. Effect oxygen citrate synthesis 
pigeon liver 


(5% CO, O,. Other conditions Table 2.) 


Citrate 

formed 
Additions 
164 
0-02 142 
192 
0-02 133 
0-02 


117 


malonate caused inhibition citrate formation 
and inhibition oxygen (Table 11). 
The inhibition oxygen was partly reversed 


Table 11. The effect malonate and fluoride citrate synthesis pigeon liver 


(Incubation period min. Exps. 1-3; min. Exp. Other conditions Table 2.) 


Citrate 
formed 
Exp. Gas Additions 
110 
135 
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Citrate formed 


addition fumarate. Sodium fluoride, in- 
hibited citrate formation nitrogen 47% 
(Table 11). Adenosinetriphosphate co- 
citrate formation from «-ketoglutarate the 
inhibition lactate. Thus none these substances 
were limiting factors under the conditions these 
experiments. 


(b) Other tissues 


The formation citrate the presence «-keto- 
glutarate was examined other tissues. occurred 
considerable extent pigeon-breast muscle, 
guinea pig and rat liver, and less extent sheep 
liver, heart and kidney cortex (Table 12). citrate 
formation was detected guinea pig, rat and sheep 
brain, spleen, and rat and sheep testis, though 
the latter tissue contained large amounts citrate 
(see Schersten, 1936; Dickens, 1941). 


621 
in. 
= 


622 STERN 


1948 


Table 12. Citrate synthesis various tissues the presence «-ketoglutarate 


(400 mg. fresh tissue ml. suspension except with sheep testis (800 mg.) and rat testis (250 mg.). Incubation period 


min. except with pigeon-breast muscle (12 min.). CO, 


Citrate 

formed 
Tissue Gas Additions 
Pigeon-breast muscle 0-02 
None 
123 
180 
None 
None 
133 
0-02 M-fumarate 
Sheep testis None 
Rat testis None 


DISCUSSION 


Rate carbon dioxide fixation pyruvate 
minced and homogenized animal tissues. pigeon 
liver the computed rate for the carboxylation 
pyruvate 19) was the same order 
magnitude the rate respiration. sheep- 
kidney cortex the rate determined the malonate 
technique was, average, 1-7. all other tissues 
examined (rat liver, kidney cortex and muscle, 
pigeon brain, guinea pig liver and brain, and sheep 
liver, heart, brain, spleen, pancreas, and lung) the 
rate carboxylation must have been less than 
could measured the methods used. should 
emphasized that the non-detection the re- 
action only indicates that the rate was below 
under the given experimental conditions. Experi- 
ments published Solomon, Vennesland, Klem- 
perer, Buchanan Hastings (1941), Wood, Lifson 
Lorber (1945) and Anfinsen, Beloff, Hastings 
Solomon (1947), fact, make very probable that 
the carboxylation pyruvate occurs mammalian 


liver. can calculated from the data given 
Buchanan, Hastings Nesbitt (1942) that the rate 
which carbon dioxide was incorporated glycogen 
rabbit-liver slices under their experimental con- 
ditions was, terms between 0-14 and 
0-48 four experiments (average 0-26). aspartic 
and glutamic acids containing carbon dioxide were 
synthesized the same time (Anfinsen al. 1947) 
these figures are the minimum rates. They are com- 
patible with the conclusion reached from the present 
experiments that the rate the carboxylation 
pyruvate below mammalian liver. 
Mechanism citrate formation from «-ketoglutarate. 
The dependence citrate formation upon the con- 
centration and bicarbonate and 
carbon dioxide these experiments accordance 
with the conception, already firmly established 
Ochoa (1945), Grisolia Vennesland (1947), and 
Floyd, Medes Weinhouse (1947) that the primary 
step the carboxylation «-ketoglutarate and 
formation oxalosuccinate, followed its re- 
duction isocitrate and rearrangement citrate. 
These three stages involve least three enzyme 
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systems: oxalosuccinic carboxylase, isocitric de- 
hydrogenase and aconitase. The stimulating effect 
fumarate, and the inhibitory action lactate which 
can partially reversed glutamate, are pre- 
sumably connected with the second stage, but 
explanation for the cause the effects can 
offered. interest that lactate also inhibits the 
formation citrate from oxaloacetate and pyruvate 
which oxidative process. 

Rate carbon dioxide fixation «-ketoglutarate. 
The formation citrate addition «-keto- 
glutarate was demonstrable pigeon liver, pigeon- 
breast muscle, guinea pig, rat and sheep liver, sheep 
heart and sheep-kidney cortex, whilst negative 
findings were obtained with guinea pig, rat and sheep 
brain, sheep spleen and rat and sheep testis. 
pigeon liver the rate was very high immediately after 
addition the «-ketoglutarate but fell zero within 
few minutes. during the first 
minute. The total amounts citrate formed were 
independent the concentration 
the higher concentrations, and the stoppage 
the synthesis, therefore, cannot ascribed 
simple equilibrium effect. 

view the rapid change rate, values calcu- 
lated from data referring experimental periods 
more than few minutes indicate only minimum 
value for the initial velocity. the experiments 
given Table the period incubation was 
min. and the average values for the period 
incubation reached 2-9 pigeon-breast muscle, 
guinea-pig liver, 3-3 rat liver, 0-8 sheep liver, 
and 2-1 sheep heart. The initial values were 
all probability much higher. 

Significance the carbon dioxide fixation «-keto- 
glutarate. Grisolia Vennesland (1947) have already 
pointed out that the conversion citrate into 
ketoglutarate the only metabolic process which 
citrate, once formed, definitely known undergo. 
Hence would appear that the carboxylation 
cannot result the incorporation 
assimilated carbon any compounds other than 
the four tricarboxylic acids. These acids can 
readily formed animal tissues through the oxida- 
tive reactions the tricarboxylic acid cycle, and 
long further reactions citrate are known, 
difficult visualize the specific biological signifi- 
cance the carboxylation «-ketoglutarate. has 


CARBON DIOXIDE FIXATION ANIMAL TISSUES 623 


been suggested (Dr personal com- 
munication) that the formation citrate from 
ketoglutarate, which endergonic reaction, 
might serve temporary storage energy. 
idea Lipton Barron (1946) that citrate might 
undergo fission oxaloacetate and acetate should 
prove correct, then would possible offer 
explanation the occurrence the carboxylation 
«-ketoglutarate. 


SUMMARY 


determining the accumulation succinate and 
ketoglutarate (a) anaerobically, and (b) aerobically 
the presence malonate. 

computed for the conditions 
employed pigeon liver and, the average, 
1-7 sheep-kidney cortex. pigeon brain, rat 
liver, kidney cortex and muscle, guinea pig liver and 
brain, and sheep liver, heart, brain, spleen, pancreas 
and lung, carbon dioxide fixation pyruvate 
could detected the above methods, and 
therefore, must have been less than 
these tissues. 

The rate carbon dioxide fixation «-keto- 
glutarate studied measuring the 
formation citrate under anaerobic conditions. 

pigeon liver citrate formation was rapid 
immediately after addition but 
ceased within few minutes. During the first 
minute Was 30. Pigeon-breast muscle, guinea 
pig, rat and sheep livers, and sheep heart and kidney 
cortex all formed citrate from «-ketoglutarate. 
detectable amounts citrate were formed 
guinea pig, rat sheep brain, sheep spleen, 
rat and sheep testis. 

Citrate formation was found dependent 
upon the concentration «-ketoglutarate and 
bicarbonate and carbon dioxide. was enhanced 
fumarate and inhibited ammonium 
chloride. The inhibition lactate was partly re- 
versed Lactate also inhibited 
citrate formation from oxaloacetate and pyruvate. 

The significance the findings discussed. 


wish express gratitude Prof. Krebs for 
his continual aid and advice. 
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The Copper-retaining Powers Different Cacao Soils 


LEES, Department Chemistry and Soils, Imperial College Tropical Agriculture, 
Augustine, Trinidad, 


(Received May 1948) 


Brun (1945) has shown that soil organic matter 
(SOM) holds copper complex, non-leachable 
form; the work Hasler (1943) suggests that most 
metallic trace elements are retained soil, the 
order their retention being roughly parallel 
their power forming metallo-organic complexes 
(Mellor Maley, 1948). From such complexes be- 
tween trace elements and SOM (Bremner, Mann, 
Heintze Lees, 1946) the trace elements presumably 
become slowly available plants growing the 
soil. view the fact that Trinidad cacao soils 
have been exploitatively cropped for 150 years, 
depletion trace elements these soils may, 
part, responsible for the general drop cacao 
yields apparent over the last years. The present 
work was therefore begun order discover 
whether ‘good’ cacao soils (i.e. those which the 
decline has been least marked) had greater power 
than ‘bad’ soils retain trace element against 
leaching, and establish relation between the 
percentage SOM soil and the power the 
soil retain trace element. The trace element 
chosen was copper, which cacao rich (Lindow, 
Elvehjem Peterson, 1929). 


EXPERIMENTAL 


Copper was determined the method Sherman 
McHargue (1942). Soil organic matter was estimated the 
method Hardy (1929). Because the upper layers 
cacao soil probably play the dominant part cacao 
nutrition (McCreary, McDonald, Mulloon Hardy, 1943), 
the top in. soil, air dried and ground powder, have 
been used all experiments. The soils were divided into 
soils and ‘bad’ soils the basis planters’ esti- 
mates the cacao yields expected from them. Good 
soils were those estimated yield more bags cacao 


per 1000 picquets, bad soils were those estimated yield 
less. 
The Cu-retaining powers different soils (Fig. were 
determined follows. sample soil was shaken, 
over period min., with ml. contain- 
ing 1-0 mg. CuSO, after which the soil was centrifuged 
down, and the supernatant liquid poured off. The soil was 
then again shaken with ml. containing 
and, after min., again centrifuged down, the super- 
natant liquid being added the initial one. After such 
washings, all exchangeable was presumed have been 
removed from the soil. The amount removed was deter- 
mined analysis the bulked supernatant liquids and the 
amount retained determined difference. 

The data which Fig. based were obtained two 
different ways each soil: 

containing, either 1-0 mg. (for 
the bad soil) 5-0 mg. (for the good soil). After inter- 
mittent shaking over period hr. the soil was 
fuged down, and the equilibrium concentration the 
supernatant liquid determined. 

ml. were mixed with soil. Procedure 
then followed that described (a). 

Preliminary tests showed that equilibration be- 
tween soil and solution was attained less than min. 
The longer equilibration periods used were adopted 
safety measure. 


RESULTS 


The relation between the estimated percentage 
SOM and the copper-retaining power the soil 
shown for thirty-two different cacao soils Fig. 
Some the estimated SOM the soils 
apparently inactive retaining copper; moreover, 
the percentage the active SOM (total SOM 
2-5) not linearly related copper retention. 
fact the curve Fig. closely follows the relation 
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Fig. The retention copper different cacao soils 
samples) treated with mg. copper CuSO, and 
then well leached with Crosses, good cacao 
soils; dots, bad cacao soils. 
nl. 
for £ 
ri- 
in. 
or, log C 
Fig. Freundlich isotherm derived from Fig. copper 
(ug.) retained soil; active SOM (total SOM%— 


2-5); copper removed Na,SO, leaching. 
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CACAO SOILS 


B-equiv./g) 


log equilibrium conc. Cu retained on active SOM ( 


log equilibrium conc. of Cu in solution ( p-equiv/1.) 


Fig. Freundlich isotherm copper retention, derived 
from two different cacao soils equilibrated with different 
concentrations copper contained 
Dots, data from bad soil (active SOM, 3-4%); crosses, 
from good soil (active SOM, 


Table distribution copper between 
good cacao soil active SOM) and 
various volumes solution 


(Total copper (as soil and solution: 
5-0 mg. (157 


Vol. Equilibrium Equilibrium 
solution solution active SOM 
(ml.) 
377 
376 
374 
374 
100 371 
120 370 


(mg.) retained soil 
Active SOM 
(Cu (mg.) released extraction)*. 


This one form the adsorption isotherm sug- 

gested Freundlich (1930) 
where a=amount solute adsorbed, weight 
adsorbent, concentration solute, 
and and are constants. Expressed logarithmi- 
cally this gives 
log a/m=1/n log log 


log a/m plotted against log straight line 
shouldresult. plot the appropriate data derived 
from Fig. does fact yield straight line (Fig. 2). 

moderate concentrations copper the 
equilibrium solution (less than 100 
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/ 
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the same equation was found apply data from 
experiments which the equilibrium distributions 
copper between soil and solution 
were determined for both good and bad soil under 
wide variations experimental conditions (Fig. 3). 
Data Table show, might expected, that 
the equilibrium concentration copper 
against given concentration copper 
the independent the solution volume. 


DISCUSSION 


comparison with good Trinidad cacao soils, bad 
cacao soils are characterized low power 
retain copper complex with the SOM. Although 
the copper-retaining power soil clearly related 
its SOM content, the relation not linear, and 
nearly all the bad soils lie near the steeply 
descending portion the curve relating copper 
retention and percentage SOM the soil. Trace- 
element deficiencies, induced either leaching 
too great trace elements past 
cacao crops, are, therefore, far more likely occur 
bad than good soils. 

Although difficulties estimating small per- 
centages SOM all probability caused the scatter 
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the points the descending part the copper- 
retention curve (Fig. 1), there reason believe 
that the total value for percentage SOM, 
given the method used, some represents 
absorptively inactive SOM. assumed that 
some the SOM adsorptively inactive, two 
widely different soils give the same adsorption 
isotherm (Fig. 3), fact that suggests there 
basic difference between the absorptive capacities 
the organic fractions the two soils. 

reasonable infer from Fig. that the 
saturation capacity SOM about 1400 
Cu/g., which value the logarithmically plotted 
Freundlich isotherm, known non-linear near 
saturation the adsorbent, asymptotic. 


SUMMARY 


Some bad Trinidad cacao soils have lower 
contents organic matter, and lower copper- 
retaining powers than good soils. 

The distribution copper between soil and 
solution equilibrium with follows Freundlich 


isotherm. 
The significance the results discussed. 
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The Secondary Oxidation Amino-acids the 
Catechol Oxidase Belladonna 


Oxford Medicinal Plants Scheme, Department Botany, University Oxford 


(Received February 1948) 


The purpose this investigation was examine 
more fully than has hitherto been done the manner 
which plant polyphenolase able oxidize amino- 
acids the presence phenols. was further 
hoped discover which the common amino-acids 
are liable oxidation the system, and the nature 
the oxidation products. Atropa belladonna was 
known possess active polyphenolase system 
and was used because the nitrogen metabolism 
this plant under general investigation, and large 
quantities reasonably homogeneous material were 
available. 


EXPERIMENTAL 


Preparation the enzyme. Young leafy shoots bella- 
donna about long were harvested May 
June; 120-150 were disintegrated Waring Blendor 
with two successive portions 350 ml. acetone. The acetone 
was filtered off, and the residue air-dried Buchner 
funnel and ground fine powder Wiley mill. 

This crude powder had considerable polyphenolase 
After three successive extractions with water 
room temperature the powder still retained high oxidase 


rer 


ella- 
Lone 
hner 


dase 
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activity, the loss varying somewhat with different batches 
powder. The first washing showed oxidase activity 
equivalent the activity the unwashed powder. 
The third washing showed little none. 

The first washing gave strongly positive ninhydrin re- 
action; but, after three extractions, further washings gave 
only faint reaction. The powder therefore provided the 
desideratum active polyphenolase uncontaminated 
free amino-acids. When dried further addition and 
removal acetone gave stable preparation which kept 
its activity unimpaired for several weeks least. the 
following work the enzyme was invariably prepared this 
way. Samples the air-dry powder were weighed out 
required. 

Manometry. uptakes were measured Warburg 
manometers using simple flasks with central chambers and 
single side arms (see Dixon, 1934, fig. CO, absorption 
was provided for, when required, roll filter paper 
the central chamber moistened with 20% KOH. some 
experiments Keilin cups were used provide further 
possibility mixing the enclosed system. Most experi- 
ments were run batches five with sixth manometer 
thermobarometer. All experiments were short duration, 
oxidation the phenol usually being complete within hr., 
and the secondary oxidation not being followed beyond 
total period 4hr. now seems that the results 
earlier investigations this system may have been vitiated 
the dangerously long time interval, em- 
ployed (e.g. Robinson 1925). 

Ammonia measurements. the end the manometric 
experiments, was withdrawn from the reaction 
mixture (total vol. This was transferred the 
outer circle standard Conway unit and the NH, content 
determined the usual way, using boric acid the 
absorbent and mixed bromocresol green and red 
indicator (Conway, 1947). 

Isolation the reaction products. was anticipated that 
products amino-acid oxidation might formed accord- 
ing the general scheme: 


Attempts were, therefore, made isolate carbonyl com- 
pounds 2:4-dinitrophenylhydrazones. This was carried 
out experiments starting with glycine and alanine. The 
details the procedure differ much the two examples 
that they are described separately the next section. 


RESULTS 


Oxidation phenols the absence 


Oxidation catechol. The progress catechol 
oxidation the belladonna enzyme shown 
Fig. After hr. 105 had been absorbed 
0-55 mg. catechol, corresponding mol. ratio 
was slow. 

Increasing the concentration catechol from 
(Fig. 2B). Raising the amount enzyme present 
uptake (Fig. 2A). Increased rates were, however, 
associated with earlier and more marked fallings 
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away, that the optimal conditions for catechol 
oxidation cannot simply expressed. The nature 
the ‘inactivation’ examined further 633. 
the experiments amino-acid oxidation, cate- 
chol was usually required present only 
catalytic amounts. Concentrations 0-005 
were commonly employed. 


O, uptake (pI) 


20 40 60 80 100 120 140 160 180 200 220 240 


Time (min.) 


Fig. Oxygen uptake over the first hr. the oxidation 


O, uptake 


5 10 15 20 25 30 35 40 
Time (min.) 


Time (min.) 

Fig. Oxygen uptake during first min. with 0-01 
catechol the presence varying amounts enzyme 
(in 2-5 ml. solution). Oxygen uptake with mg. 
enzyme and varying concentrations catechol. 


The effect acidity upon the rate oxidation 
was examined over range using 
phosphate buffers (Table 1). The effect 
clearly very slight over the range autoxi- 
dation the absence enzyme was slow, and con- 
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Table The effect acidity the oxidation 
catechol polyphenolase 


(Catechol, 30°.) 


uptake 
Time (min.) 


Table consumption belladona polyphenolase with various substrates 


4-5 128 145 
5-6 105 133 150 
6-6 100 129 149 
7-7 106 140 159 
8-3 107 141 160 
Substrate 
Time (min.) ... 
0-008 
0-002 m-Catechol 
0-008 
0-008 


(Preparation mg. 2-5 ml. 7-8; 30°.) 


0-004m-Aesculetin 


Oxidation other phenols. Several other phenols 
were substituted for catechol substrate (Table 2). 
Typical catechol experiments are included for com- 
parison. The initial rate oxidation much faster 
with catechol than with any the other phenols 
examined. Resorcinol not oxidized and hydro- 
quinone only very slowly, would expected. The 
increasing rate p-cresol oxidation with time also 
accord with previous observations other 
workers. The unexpectedly vigorous oxidation 
phloroglucinol was confirmed several further ex- 
periments; the consumption amounted about 
atoms/mol. phloroglucinol. 

The oxidation adrenaline (Table was 
examined different acidities and, unlike that 
catechol, was found markedly sensitive 


Table The effect acidity the oxidation 
adrenaline polyphenolase 
(Adrenaline, 30°.) 


uptake 
Time (min.) 
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changes pH. The final uptake greatly exceeds 
atoms O,/mol. adrenaline and melanin-like pig- 
ments are formed (cf. Blaschko Schlossmann, 
1940). 

Inhibitors. Since the enzyme likely have 
copper its prosthetic group, the action heavy- 
metal inhibitors was investigated over range 
concentrations. Cyanide (Table was used 
and sodium diethyldithiocarbamate 
was tried atmospheric pressure mixture 
(approximately 80%) and O,. Since CO, 


uptake 


production was expected, KOH was not put 
into the inner cups. There was not, therefore, any 
risk loss cyanide from the reaction mixture by’ 
distillation into alkali. The enzyme markedly 


Table Inhibition catechol oxidation 
cyanide 


(25 mg. polyphenolase; phosphate buffer; 2-5 ml. 
catechol; 30°.) 
uptake 
Time (min.) 


Cyanide 

0-001 102 125 


resistant Plant polyphenolases 
have frequently been found have high resistance 
(Deb Roberts, 1940; Roberts, 1941) and there 
seems much variation with species (Wieland 
Sutter, 1930). 

With diethyldithiocarbamate, inhibition more 
pronounced than with cyanide, and stronger the 
weaker preparation spite the larger ratio 
solid matter dithiocarbamate. This 
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Table Inhibition catechol oxidation diethyldithiocarbamate 


Diethyldithiocarbamate 


Preparation 


uptake 
Time (min.) 


Preparation 


concn, 

0-0 

0-0002 
0-001 

0-002 


107 


121 
115 


Table Inhibition the polyphenolase activity freshly expressed juice belladonna 
carbon monoxide 


ml. juice; catechol total vol. 2-5 ml.) 


Conditions* 


Air 
80% CO, 20% 


100 


(c) 


uptake 
Time (min.) 


160 
100 
115 
100 


243 


208 
215 


239 
198 
206 


208 
149 
151 
137 


229 
177 
179 
173 


Catechol tipped from side arm (a), min., min., and (c), min. after treatment with gas mixture. 


Table Oxidation ascorbic acid polyphenolase 


(25 mg. polyphenolase 2-5 ml. phosphate buffer 6.) 


3-52 mg. ascorbic acid 


expected the activity the system depends upon 
the amount copper present, since diethyldithio- 
carbamate almost specific copper precipitant. 

the experiments with CO, was shown that the 
inhibitions could not reversed exposure 
bright light. These results are agreement with 
those Kubowitz (1937) for potato polyphenolase. 

ascorbic acid. The system capable 
acting continuous oxidation mechanism, and 
this was observed providing ascorbic acid 
substrate (Table 7). Glass-distilled water was used 
for all solutions. The slow continuous uptake 
with ascorbic acid alone may indicate the presence 
direct ascorbic acid oxidase the belladonna 
powder. The uptake with ascorbic acid and cate- 
chol present together exceeds the sum the 
uptakes when they are present separately. can, 
therefore, concluded that the system catalyzes 
oxidation ascorbic acid with catechol acting 
redox body. 


uptake 

Time (min.) 
125 
115 


237 


169 


139 


123 


The oxidation amino-acids and peptides the 
presence catechol 


Oxygen uptake with catechol Numerous 
experiments have been performed with mixtures 
catechol and glycine. typical set results 
Table The principal features evident these 
results have been found all experiments the 
same kind. Glycine itself not oxidized, even 
slowly. Added catechol does not increase the 
rate uptake very much during the first 
min., which time catechol oxidation usually 
During the second hour, the mixture 
catechol and glycine continues absorb O,, and 
this still goes experiments longer duration. 
has been followed hr. from the start 
(Fig. 3). The rate amino-acid oxidation always 
slow, relative the initial rate catechol oxidation, 
even under the most favourable conditions. Uptakes 
80-100 are recorded the first min. with 
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Table uptake polyphenolase with catechol and glycine 


(25 mg. polyphenolase ml. catechol, glycine, 30°.) 


uptake 
Time (min.) 


Catechol 108 117 120 122 124 124 124 
Glycine catechol 104 116 125 135 142 148 157 


raise consumption the presence glycine 
the same amount, once catechol oxidation 
complete. The time lag before extra uptake 


180 


= 
a 
o 


120 


Catechol 


uptake 
> BD 


N 
o 


120 180 240 


Time (min.) 


Fig. Oxygen consumption over 4hr. with 0-002m- 
catechol (lower curve) and +0-02m- 
glycine (upper curve). 


becomes evident often more pronounced than 
Fig. and strongly suggests that the amino-acid 
not being oxidized simple oxidation product 

Ammonia formation with 
series which different flasks were opened and 
sampled after successive time intervals from 


240 min. showed that NH, formation 7-8 was 
progressive (Fig. 4). After 150 min. 198 NH; had 
been produced. This approximately twice the 


180 220 
120 160 200 240 


Time (min.) 


100 


Fig. Oxygen consumption and ammonia production 
with The ordinates 
represent pl. consumed and pl. ammonia/2 produced. 


difference between the volume consumed and 
that required for complete oxidation the catechol 
present (227—130=97 O,). other words, 
mol. NH, had been released for each atom extra 
consumed, predicted the equation 627. 


Table uptake and production after incubation polyphenolase 
with catechol and glycine various values 


(25 mg. polyphenolase catechol, glycine, 30°.) 


Time Catechol 
(min.) only 
4-2 210 127 
6-0 120 124 
150 133 
180 115 
225 120 
240 130 


uptake 


Extra uptake Ammonia 
Catechol due production/2 
glycine glycine (ul.) 
134 
157 
250 117 100 
255 140 116 
326 206 130 
264 134 110 


uw 


140 
240 130 
220 120 
c NH;/2 
a / 
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After 240 min., the ratio NH,/O, had fallen off, 
presumably owing the entry the into side 
reactions. Other results experiments lasting 
2-4 hr. are shown Table 

Absence carbon dioxide production. Omission 
KOH from the central cups produced effect upon 
the pressure changes recorded with 
catechol and CO, released, 
therefore, but some might retained the buffer. 
When was tipped into the reaction 
mixture after uptake 258 and NH, pro- 
duction 220 yl. hr., there was output 
when acid was similarly tipped into suspension 
enzyme buffer without added substrates. CO, 
produced, therefore, the oxidation cate- 
chol glycine our polyphenolase preparation. 

The effect acidity the oxidation glycine. 
Although the enzymic oxidation catechol was 
between and the secondary oxidation 
glycine was markedly sensitive changes pH. 
This agreement with Oparin’s (1927) obser- 
vation that the rate oxidation amino-acids 
chlorogenic acid increases between and 12. 


Formation glyoxylic acid. Enzyme powder (250 mg.) 
was incubated with ml. 12-5 ml. 
glycine and 12-5 ml. phosphate buffer (pH 7-8), and kept 
30° with occasional shaking. red coloration developed 
rapidly, changing dark purplish brown the end 
3-5 hr. The solid enzyme was then filtered off; the purplish 
filtrate gave reactions for proteins. dilution 
small portion pale colour and addition free trypto- 
phan, strong blue colour (Hopkins-Cole reaction) was 
given. 

The remainder the solution was treated with 0-5 vol. 
2:4-dinitrophenylhydrazine 2N-HCl, and allowed 
stand the refrigerator overnight. dark granular 
solid which settled out was removed decantation, and 
washed twice with twice with water and allowed 
dry. After short extraction with ethyl acetate, the 
bulk the solid went rapidly into yellow solution leaving 
heavily coloured residue. The solution was decanted, and 
the ethyl acetate allowed evaporate room temperature. 
yellow-orange crystalline product remained which gave 
red colour with ethanolic NaOH and very strong red 
colour with aqueous KOH. The crystals were long, feathery, 
branching plates, m.p. 200°. Mixed melting point with the 
reagent (2:4-dinitrophenylhydrazine) was depressed 
179°; mixed melting point with hydrazone freshly prepared 
from glyoxylic acid, 201°. Glyoxylic acid had, therefore, 
been isolated identifiable quantities from the digest. 

Oxidation catechol and alanine. The oxidation alanine 
was examined the same way that glycine. 
uptake was not measurable over 4hr. was demon- 
strable and 7-8, but much slower than with 
glycine (Table 9). NH, production was correspondingly 
small, and the calculation ratios liable too 
great error any value. 

Formation pyruvic acid. Only very small yields the 
probable oxidation product, pyruvic acid, could expected. 
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the light previous experience (James James, 1940) 
and after some preliminary trials, small yields were obtained 
the following method. Enzyme extract (10 ml.) was 
incubated 30° with 0-005m-catechol; mg. alanine, 
excess CaCO, and toluene were added and the vol. made 
20ml. After the digest was distilled under 
reduced pressure. The distillate was discarded and the 
digest acidified with dilute filtered and again dis- 
tilled vacuo. About ml. distillate was collected, and 
ml. 0-2% 2:4-dinitrophenylhydrazine added (less would 
have been better). After standing, the yellow solution was 
extracted with ethyl acetate. The acetate solution was 
extracted twice with half-saturated Na,HPO, solution. 
The aqueous layer was separated and acidified with 
and then extracted with ethyl acetate. further transfer 
was made into which took only small 
fraction the coloured material from the ethyl acetate. 
The dilute alkali fraction was separated, acidified and 
returned ethyl acetate. This was allowed evaporate. 
few yellow crystals were obtained. After further solution 
dilute sodium phosphate, and recrystallization from ethyl 
acetate, crystals were obtained diamond-shaped bright 
yellow platelets with m.p. 215°. Melting point freshly 
prepared hydrazone redistilled pyruvic acid, 216°. 
Oxidation other amino-acids and dipeptides. The other 
amino-acids are oxidized much more slowly than glycine, 
and the alanyl dipeptide more slowly than the glycyl 
dipeptides (Table 10). For each atom consumed the 
oxidation glycine there rather less than mol. 
released, probably due the utilization some side 
reaction. With the much slower rates oxidation the 
other amino-acids the discrepancy becomes much larger. 


Absence amino-acid dehydrogenase from the 
insoluble enzyme preparation 


The observation that the secondary oxidation highly 
sensitive changes might suggest that was 
catalyzed amino-acid dehydrogenase. The possibility 
can, however, discounted for the following reasons: 
(i) The conditions preparation the enzyme are such 
that dehydrogenase could expected survive. 
(ii) Malachite green, reputed dehydrogenase poison 
(Boswell Whiting, 1938), was found inhibit the oxida- 
tion catechol alone and catechol only slightly 
concentration (iii) The polyphenolase un- 
usually resistant heat for enzyme, and heating 100° 
for min. diminished the oxidation catechol glycine 
well catechol alone only very slight extent. 
(iv) The oxidation can reproduced, including NH, pro- 
duction, and polyphenolase are replaced K,Fe(CN),, 
and enzyme present the system (v) Secondary 
amines are not oxidized, but form coloured complex 
(Beevers James, 1948), and there diminution the 
rate amino-acid oxidation the enzyme filtered off 
after forming the coloured complex with secondary amine. 
addition amino-acid, normal rate oxidation 
catalyzed the coloured complex. Since the enzyme 
exhaustively extracted beforehand with water, none can 
supposed remain behind solution. From these facts 
seems clear that enzyme was catalyzing the secondary 
oxidation the amino-acid our extracted system; but 
this does not necessarily rule out the existence and partici- 
pation such enzyme the intact cell. 
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Table 10. and NH, production after incubation polyphenolase 
with catechol and various amino-acids 


(25 mg. polyphenolase, 0-02M-amino-acid; phosphate buffer 7-8; vol. 2-5 ml.; 30°.) 


Catechol 

Amino-acid only 
Glycine 130 
120 
DL-Phenylalanine 130 
acid 130 
130 
L-Valine 130 
L-Leucine 130 
130 
acid 130 
acid (163 min.) 133 
L-Histidine 130 
L(?)-Tryptophan 130 
Glycylglycine 130 
130 
130 


Formation and activity coloured complex 


When catechol alone oxidized the enzyme 
pale yellow colour produced which slowly turns 
brown. With the low concentrations catechol 
employed these experiments the colour was rarely 
deeper than pale straw, even after Addition 
amino-acid caused the rapid formation char- 
acteristic intense red irrespective the rate 
which the particular amino-acid was oxidized. 
Alanine produced full development the colour 
although its uptake was negligible this 
and much less than that glycine 
(Table 10). 

similar reaction given with amino-acids 
present belladonna extracts from resting tissues. 
addition catechol suspension the un- 
washed acetone preparation the enzyme, the 
typical red colour develops. The enzyme, which has 
been washed with water until the washings are 
longer capable giving ninhydrin reaction, fails 
form the colour when incubated. For this reason 
the washed insoluble enzyme was particularly con- 
venient material for the present investigation. 
was observed that colour formation much more 
rapid 7-8 than This effect could also 
reproduced the enzyme and were replaced 

inorganic oxidizers. Treatment with ceric sul- 
phate acetate buffer oxidizes catechol 
immediately (Ball Chen, 1933), but found that 
colour formation with glycine proline was slow, 
potassium ferricyanide phosphate buffer led 
colour formation almost immediately. This obser- 
vation significant the light the conclusion 
Nelson Dawson (1944) that conversion 


uptake 


Ammonia 
Catechol production/2 
amino-acid Difference 
264 134 110 
150 
169 
154 
126 
103 
191 
174 
153 
179 
152 
163 
211 
192 
133 


quinone p-hydroxy-o-quinone relatively slow 
below 

Accurate correlation the amount colour pro- 
duced with the amount oxidation performed not 
very easy enzyme and are the agents. 
more readily carried out using potassium ferri- 
cyanide oxidizer. Two mol. ferricyanide are 
equivalent atom and oxidize mol. cate- 
chol has been shown 627 that 
the complete oxidation the catechol molecule 
requires atoms (=4K,Fe(CN),). means 


measurement Spekker absorptiometer was 


found that 4K,Fe(CN), also needed for the de- 
velopment the full colour from mol. catechol 
the presence excess glycine. 

Colour formation reversible. The colour 
bleached ascorbic acid magnesium dilute 
acetic acid and restored shaking air. also 
bleached reduction with bisulphite. Separation 
coloured and leuco forms the compound has 
been obtained shaking deeply coloured solution 
with charcoal for few minutes room temperature, 
and then filtering. The filtrate completely colour- 
less, but standing air becomes coloured again. 
The amount colour formed the second 
oxidation small compared with the original. 
this way, the coloured compound may produced 
slowly from the leuco form, even the absence 
enzyme, stage when catechol longer 
present, and may bleached with hydrogen 
donors. The leuco and coloured compounds are 
likely, therefore, resemble phenolic and quinonoid 
forms respectively, and may capable trans- 
ferring hydrogen reversibly. 

The coloured complex, produced the action 
potassium ferricyanide catechol and glycine, 


ne, 
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able effect oxidation glycine the absence 
any enzyme. With ferricyanide, catechol and glycine 
present the molecular proportions 
(0-55 mg. catechol phosphate buffer 
clearly demonstrable (Table 11). Both these were 
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Competition between catechol and reduced coloured 
complex. After period about min., oxidation 
catechol becomes very slow. This not due 
inactivation the enzyme, since addition 
fresh catechol the rate uptake again becomes 
rapid (Fig. curve I). glycine present with 


Table 11. uptake and NH; production under varying conditions oxidation 


(Wts. reagents, mg.; phosphate buffer 7-8; total vol. reaction mixture, 2-5 ml.) 


Wt. reagents (mg.) 


Molecular 
Enzyme Catechol Glycine ratio 
Exp. (a) (c) (d) 
6-6 0-55 4:1:10 


higher the presence enzyme, indicating that the 
secondary oxidation indirectly accelerated the 
enzyme, though autoxidation without quite 
marked. The experiment shows unequivocally that 
the coloured complex can bring about the breakdown 
glycine directly without the action any enzyme 


uptake 


Time (min.) 


Fig. Oxygen consumption after initial period 
min. which not included the graph. Curve 
present start and second equal 
amount added curve II: 
present start, equal amount 
catechol added after min. 


(Table 11, line 1). The increased breakdown 
glycine the presence the polyphenolase (line 
due faster formation and regeneration the 
coloured complex, and has already been shown 
(p. 631) that second enzyme intervening between 
the coloured complex and the amino-acid likely 
present our preparations. 


uptake Ammonia 
Time (min.) production 


Control, reagents only zero time 


from the beginning the experiment, 
moderate rate uptake continues steadily over 
long period. The addition extra catechol the 
mixture after min. causes increase the rate 
(Fig. curve which not great the increase 
obtained the absence the amino-acid. cannot, 
therefore, supposed that the presence the 
amino-acid tends retain the catechol the 
oxidizable form, would occur were itself being 
oxidized the initial catechol oxidation product 
(o-quinone). more probable explanation these 
results that the reduced form the coloured 
complex competes with catechol for the enzyme, and 
itself oxidized, but more slowly than catechol. 
Relation amino-acid oxidation amino-acid 
concentration. The extent amino-acid oxidation 
can estimated either the NH, produced, 
the consumed over and above that required for 
oxidation the catechol. Data are available from 
series experiments which and changes 
were recorded with varying amounts amino-acid. 
all them mg. the same enzyme preparation 
were used with 2-5 ml. phosphate 
buffer 7-8. The experiments were carried 
the manometers for hr. The results are expressed 
Figs. and plotting NH, and against 
the mol. ratio glycine/catechol. Both for NH, and 
the relation linear from mol. glycine/mol. 
catechol. neither graph does the line spring from 
the origin. Some NH, produced from the enzyme 
the absence added glycine, and increase 
recorded with additions and 1-0 mol./mol. 
Values mol. are clearly off the line and 
their departure statistically significant. The mean 
deviation three experiments zero concentration 
glycine from the regression line NH, production 
glycine concentration 22-4, with calculated 
probability being the line only 0-001. The 
results this experiment indicate that there 
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oxidation amino-acid until there excess 
glycine over mol. for each mol. catechol; or, 
other words, that mol. amino-acid enters into 
combination with the catechol oxidation products 
before oxidation amino-acids can occur. 


280 
240 


200 


= 
a 


Ammonia 


80 


2.3. 4 3.46.3. 4.9 
Glycine/catecho! 


Fig. Ammonia production with varying molar concen- 
trations glycine. Catechol concentration 
throughout. 


280 


O2 uptake (ul. 


Glycine/catechol 


Fig. Oxygen consumption with varying mol. ratios 
glycine and catechol; the catechol concentration was0-002M. 


The data for consumption are consistent with 
this idea, though they are not themselves con- 
clusive, account the greater error involved 
allowing for the consumed the primary catechol 
oxidation. Reference Fig. shows that the results 
for and 0-5 mol. glycine/mol. catechol again appear 
off the regression line. There are three results 
available for zero concentration with mean de- 
viation 10-3 from the value predicted the 
regression. Calculation the usual methods shows 
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probability its belonging the curve only 
additional consumption until mol. glycine 
has been fixed for every molecule catechol 
originally present. 

Substitution adrenaline for catechol leads 
interesting result. The effect the uptake 
adding glycine the adrenaline masked the 
complexities the further oxidations adrenaline 
itself (p. 628). not released these adrenaline 
reactions, but formed when glycine added. The 
effect varying the concentration glycine 
shown Fig. and clear that the curve pro- 
ceeds linearly the zero value. other words, the 


120 
100 


Ammonia 


Glycine/adrenaline 


Fig. Ammonia production from glycine polyphenolases 
and adrenaline. Adrenaline concentration 
mol. ratios glycine/adrenaline varying from 10. 


amino-acid oxidized without the prior formation 
coloured complex involving the amino-acid. The 
place the coloured complex taken the 
adrenochrome produced the oxidation adrena- 
line (Blaschko Schlossmann, 1940), and the com- 
bination mol. amino-acid with the inter- 
mediate oxidation product longer necessary 
before oxidation glycine can take place. 

N-Methyladrenaline and aesculetin are also 
oxidized the polyphenolase readily measurable 
rates (Table 2), but they not form coloured 
compound like adrenochrome either alone with 
addition amino-acid. They are also unable set 
oxidation system for glycine. 


DISCUSSION 


The secondary oxidation amino-acids poly- 
phenolase systems has been assigned considerable 
importance the nitrogen metabolism plants, 
but has not been examined extensively. The general 
characteristics the system, exists Atropa 
belladonna, are shown the experiments described 
above. The the polyphenol can 
prepared highly active, insoluble form 
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precipitation with acetone. From this the remaining 
polyphenols and amino-acids can washed out 
with water, leaving large proportion the original 
polyphenolase activity the precipitate. Pure cate- 
cholis vigorously oxidized this precipitate with the 
uptake approximately atoms O,/mol. catechol 
oxidized and the greater part the enzymic activity 
remains unimpaired when this has been done. 

the absence other oxidizable substances, 
brown condensation products the catechol appear. 


The oxidation catechol little affected changes 


over the range but other polyphenols 


| + #0, — 


may behave differently, since the oxidation 
adrenaline was found much faster 7-8 
than 4-1, and the total uptake much greater 
than with catechol. The enzyme poisoned 
and, therefore, pro- 
bably contains copper; but, like many other plant 
cyanide. Catechol reduced again ascorbic acid, 
for example, and continuous oxidation system with 
catechol carrier can set up. would natural 
suppose first that the progressive oxidation 
amino-acids was similarly achieved, but the results 
obtained suggest rather more complex mechanism. 
mixture rich red coloration develops, altogether 
different from the brown colours with catechol alone. 
Similar colours are given some other primary 
amines. The addition one equivalent amino- 
acid does not result the release any ammonia, 
and with further additions amino-acid there 
linear increase the amount ammonia released. 


quinone requires only single atom its 
equivalent. Reasons have been advanced Nelson 
Dawson (1944), using potato tyrosinase, for sup- 
posing that the consumption the second atom 
leads the formation p-hydroxy-o-quinone, 
which occurs slowly and faster Itis 
significant that colour formation our experiments 
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also faster 7-8 than slightly acid solutions, 
whether inorganic oxidizers were 
used. appears probable, therefore, that the 
coloured compound formed the reaction 
molecule p-hydroxy-o-quinone with molecule 
amino-acid. This amino-acid molecule not sub- 
sequently released oxidized form. Its conden- 
sation with the quinone precedes the oxidation 
further amino-acid. 

Condensation the amino-group the position 
the nucleus confirmed the inability 
aesculetin, which this position already occupied, 


+H,0 


form coloured complex, even when oxidized 
(p. 634). The uptake this case was equivalent 
less than atom O,/mol. aesculetin. would, 
therefore, appear that hydroxyl group attached 
and condensation occurs positions adjacent 
the o-hydroxyl groups. Further confirmation 
afforded the behaviour adrenaline. oxida- 
tion forms adrenochrome (Green Richter, 1937; 
Blaschko Schlossmann, 1940), which not unlike 
our coloured compound tint and intensity 
colour. Ring closure occurs the position; 
ammonia released, but the adrenochrome formed 
able oxidize glycine with liberation ammonia 
from the amino-acid. With the fully N-substituted 
N-methyladrenaline which tertiary base, 
such cyclization can occur and the oxidation 
glycine not catalyzed. 

Assuming, for the above reasons, that the coloured 
position the nucleus, may write its formation 
follows: 


The coloured condensation product, which seems 
amino-o-quinone, does not condense rapidly like 
hydroxy-o-quinone, but becomes the actual oxidizer 
the amino-acid. The participation the enzyme 
may limited its initial formation. Once the 
coloured compound formed, its reduction the 
amino-acid non-enzymic, and its reoxidation 


30 
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the presence oxygen may occur spontaneously 
also. Nevertheless, the reduced coloured compound 
capable uniting with the (p. 633), 
where its reoxidation appears accelerated. 


SUMMARY 


From belladonna leaves catechol 
oxidase has been isolated which highly active 
insoluble form. was obtained free from poly- 
phenols and amino-acids. 

was found oxidize catechol with the rapid 
uptake approximately atoms oxygen/mol. 
catechol; further oxygen uptake was slow. 

Phloroglucinol, p-cresol, adrenaline, 
adrenaline and aesculetin were also oxidized rapidly 
hydroquinone and gallic acid more slowly; aesculin 
very slowly and resorcinol not all. 

Variation between 4-5 8-3 had little 
effect the rate oxidation, cyanide inhibited 
very slightly; but diethyldithiocarbamate more 
strongly. Carbon monoxide inhibited, and the in- 
hibition was not reversible light. 

Secondary oxidation glycine took place with 
release ammonia and uptake additional 
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oxygen. The volume ammonia produced was 
approximately double the volume extra oxygen 
consumed. Glyoxylic acid was isolated from the 
reaction products. carbon dioxide was released. 
acid was similarly obtained from alanine, 
but the reaction was much slower than that with 
glycine. 

Other amino-acids and dipeptides were oxidized 
much more slowly than glycine, and some not all. 

Formation red colour preceded the secon- 
dary oxidation. Once formed, its reduction 
the amino-acid non-enzymic, and its reoxidation 
the presence oxygen may occur spontaneously. 
Nevertheless, the reduced coloured complex 
capable uniting with the enzyme surface, and its 
reoxidation may accelerated. Reasons are given 
for supposing that the coloured complex, probably 
p-amino-o-quinone, the immediate oxidizer 
the amino-acid, and that the role the poly- 
phenolase limited its formation and possibly 
also its regeneration the system. 


The authors had the pleasure and profit frequent dis- 
cussion with Trautner while this work was 
progress. They are indebted Blaschko for sample 
N-methyladrenaline. 
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The Behaviour Secondary and Tertiary Amines the 
zesence Catechol and Belladonna Catechol Oxidase 


Medicinal Plants Scheme, Department Botany, University Oxford 


(Received February 1948) 


The results presented the preceding paper (James, 
Roberts, Beevers Kock, 1948) showed that 
polyphenol oxidase from belladonna, using cate- 
chol intermediate, was capable oxidizing 
certain primary amino-acids. The present paper 
describes the effects the same enzyme system 
secondary and tertiary amines, and, addition, the 
oxidation glycine which occurs when added 
complex catechol and secondary amine the 
presence the enzyme. 


EXPERIMENTAL 


The enzyme was prepared described the preceding 
paper (James al. 1948) and the manometric technique 
was essentially the same; the experiments were carried out 
30°, and the solutions were buffered 7-8 
the addition mixtures. When two 
reactants were added separately the main 
mixture the manometer vessels, Keilin cups were 
employed. 


Vol. 
RESULTS 


The reactions secondary amines with the 
enzyme-catechol system 


uptake was observed when secondary amines, 
e.g. dimethylamine, were added alone enzyme 
suspension and colours developed. When cate- 
chol added strong colour quickly appeared. 
was noticed that, with secondary amines, this 
colour was different from that developed with 
primary amines and amino-acids. Thus, whereas 
methylamine, glycine, alanine, leucine, aspartic 
acid, glutamic acid and other primary amino-acids 
produced reddish-brown colours, the secondary 
amines, dimethylamine, proline, sarcosine and nor- 
tropine gave rise deep royal-purple colours. 
Although the colours produced were different, was 
clear that the secondary amines were reacting with 
oxidation product catechol way analogous 
that which occurs with amino-acids, and mano- 
metric experiments were carried out discover 
any oxidation took place under these conditions. 


Solutions the desired amine (0-5 ml.; were placed 
the main chamber manometer vessels with mg. 
enzyme suspended 1-5 ml. buffer 
7-8, and (0-5 ml.) was placed the side 
arms. Control runs with water instead secondary amine 
were set up. After min. shaking 30°, the catechol was 
tipped and the uptakes measured over min. 


Fig. and shows the results obtained with 
the secondary amines listed above. the controls, 
the catechol was oxidized vigorously the usual 
manner, and the uptakes, which were very steep 
first, flattened out the substrate was used up. 
addition the secondary amine there was 
significant increase the rate uptake, even 
after period 4hr. Although royal-purple colours 
were developed the presence the secondary 
amines, was obvious that the formation the 
coloured complex did not involve any extra 
uptake, and, furthermore, there appeared 
oxidation the secondary amines under conditions 
which amino-acids are oxidized. 


The reactions tertiary amines with the enzyme- 
catechol system 


differences behaviour amino-acids and 
secondary amines had been encountered, some ex- 
periments with tertiary amines were carried out. 
particular, was interest know whether the 
belladonna enzyme would oxidize the belladonna 
alkaloid, laevo-hyoscyamine, and the basic alcohol, 
tropine, which the tropyl ester. Similar 
experiments those described above for secondary 
amines showed that colours were developed 
when catechol was oxidized the enzyme 
the presence Jaevo-hyoscyamine, tropine 
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trimethylamine neutralized with hydrochloric acid. 
Manometric determinations established that the 
tertiary amines were not themselves oxidized 
(Fig. 1C). 
120 
100- 
80 - 


e Catechol alone 
o Catechol +sarcosine 
Catechol+ proline 


Time (min.) 

+ 
Catechol+ dimethylamine 


100 120140160 180200 220240 260 
Time (min.) 


100 
80- 


hyoscyamine 
+ Catechol + tropine 


Time (min.) 


Fig. Oxygen consumed belladonna polyphenolase- 
catechol system; and with secondary amines and 
with tertiary amines, all present concentration 
times that the catechol concentration 


The effect addition glycine mixtures containing 
enzyme and equimolar concentrations catechol and 
secondary amine 


Reasons were given James al. (1948) for 
supposing that the formation coloured complex 
made mol. oxidized catechol and mol. 
amino-acid intermediate the oxidation 
amino-acids thisenzyme system. Since secondary 
amines may used substitutes for amino-acids 
the formation coloured compound, the 
coloured compounds which they form might then 
act intermediates the oxidation amino-acids. 
The experiments which follow show that this 
fact true. 

The results James al. (1948) showed that 
even the presence tenfold excess secondary 
amine, extra uptake occurred apart from that 
which was found with catechol only. 


Manometric experiments were performed which 
catechol (0-1 ml.) was added from Keilin cup the main 
chambers manometer vessels containing mg. enzyme 
(0-1 Glycine (0-5 ml., was placed the side 


its 
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40 

20 
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arms some the vessels, and was thus possible 
begin the oxidation the catechol dislodging the Keilin 
cups, and then add the amino-acid after any desired 
interval. 


The oxidation glycine the presence dimethyl- 
amine. Fig. shows the results experiments 
which glycine was added after min. (A) and 
min. (B) flasks containing (i) enzyme, catechol 
and dimethylamine (curves and (ii) enzyme and 
catechol without dimethylamine (curves and 


Glycine added ne 


O; upt ake 


0 20 60 100 140 180 220 
120 160 200 240 


Time (min.) 


60 100 140 180 220 

40 80 120 160 200 240 

Time (min.) 

Fig. The effect uptake adding glycine after 
min. and min. mixtures containing enzyme, 
catechol and dimethylamine and and enzyme and 
catechol without dimethylamine and d). Curves 
are controls which glycine was added. 


Curves and show the uptakes control flasks 
containing enzyme with catechol and dimethylamine 
which glycine was added; and these the 
uptake stopped when atoms O,/mol. catechol had 
been absorbed. The uptakes systems and 
(Fig. 2A) were almost indistinguishable from each 
other during the first min., although purple 
colours had developed and the end this 
time, the glycine was tipped from the side arms 
vessels and vigorous additional uptake 
then commenced while also the glycine was 
220 min. after the addition the glycine, the 
oxidation the presence dimethylamine had 
accounted for total additional uptake 145 
O,, while its absence only had been 
absorbed. Fig. the uptakes the three 
systems and were very similar until the glycine 
was tipped after min., and, this time, the 
enzyme had almost completely oxidized the added 
eatechol. this case also, the addition the 
glycine the flask containing dimethylamine pro- 
duced immediate extra uptake (curve and 
165 min. later the total amount uptake due 
the added glycine was 130 The contrast with 
curve (no dimethylamine), was even more 
marked than after since the addition 
glycine produced only small additional uptake 
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The uptake curves Fig. and comparison 
the amounts glycine oxidation show clearly that 
glycine oxidized much less readily when its 
addition, the absence dimethylamine, delayed 
until after oxidation catechol has begun, and, 
this has progressed nearly completion, the amount 
glycine oxidation very small indeed. When 
dimethylamine present the outset, there 
such diminution the rates oxidation when the 
addition glycine delayed successively later 
stages. Indeed, when glycine was added after 
min., the oxidation was slightly more rapid than 
that after min., since almost equal amounts 
glycine had been oxidized the two cases the end 
hr. 

The oxidation glycine the presence sarcosine 
and proline. wasfound that sarcosine and proline, 
which are not themselves oxidized under the experi- 
mental conditions, acted the same way di- 
methylamine. When glycine was added after 100 min. 


260 


Glycine added 


alone 
Catechol+ proline 


100 160 180 200 220 240 260 
Time (min.) 


Fig. The effect uptake adding glycine after 
100 min. (a) enzyme, catechol and sarcosine, and 
(b) enzyme, catechol and proline. Curve (c) control 
without added glycine. 


flasks containing sarcosine proline, addition 
catechol and enzyme (curves and Fig. 3), 
uptake began each case. The oxidation 
the catechol was almost complete when the 
glycine was added, and very little further uptake 
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occurred the control system (curve which con- 
tained only catechol and enzyme; but the presence 
the secondary amines the oxidation the glycine 
was particularly vigorous, and the curves 
uptake were almost linear over 200 min. 


DISCUSSION 


The results recorded James al. (1948) showed 
that amino-acids containing primary amino 
react with oxidation product catechol produced 
belladonna polyphenolase form compound 
with deep-red colour. Reasons were given for 
supposing the colour compound have the structure 
p-amino-o-quinone. The results this paper 
show that secondary amino also capable 
forming strongly coloured, purple compounds. Ter- 
tiary amines, the other hand, form colour. 

The most probable method formation the 
coloured compound from 
quinone (James al. 1948) (p. 635) condensation 
the amine and the hydroxyquinone position 
This condensation can readily formulated for 
secondary well primary amines, but im- 
possible with tertiary amines. The results the 
experiments with secondary and tertiary amines 
may, therefore, regarded providing con- 
firmation the suggested structure for the coloured 
compound. 

Neither secondary nor tertiary amines are them- 
selves oxidized the system, the uptake O,/mol. 
catechol remaining atoms. the secondary 
amine united directly with the first oxidation pro- 
duct, o-benzoquinone, form the coloured com- 
pound, the consumption would diminished 
conclude that the quinone first oxidized the 
hydroxyquinone (consuming the second atom 
the absence the amine. This confirms the 
occurrence the hydroxyquinone inter- 
mediate the reaction chain colour 
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and hence amino-acid oxidation—as already sug- 
gested. 

The coloured complex formed secondary 
amines oxidized glycine vigorously amino- 
acid coloured complex. The compounds derived 
from amino-acids, which are secondary bases, and 
the complexes formed from secondary amines, 
which are tertiary bases, are relatively stable sub- 
stances dilute solution and not rapidly con- 
dense, like the p-hydroxy-o-quinone, non- 
reducible aggregates. This relative stability 
doubt the cause their taking part the oxidation 
amino-acids. This clearly brought out the 
results Fig. which the addition amino 
groups, after much the p-hydroxy-o-quinone has 
had time condense their absence, brings about 
relatively little amino-acid oxidation. 


SUMMARY 


Secondary amines react the belladonna 
polyphenolase-catechol system produce com- 
pounds with strong purple colour. 

Oxygen uptake not altered the presence 
the secondary amines. 

Tertiary amines not produce colours and 
are not oxidized. 

The coloured complex formed secondary 
amines oxidized glycine vigorously that formed 
primary amino-acids. 

the addition the amine delayed until the 
catechol oxidation has had time condense, 
oxidation glycine reduced. 

The above facts are considered confirm the 
structure the coloured com- 
pounds formed with one molecule amino-acid. 
Corresponding compounds with tertiary nitrogen are 
presumed result from the condensation with 
secondary amines. The relative stability these 
compounds enables them participate the 
oxidation additional amino-acid. 
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cartilage 387 


INDEX AUTHORS 


mares’ urine. Isolation 
sulphate 614 

compounds upon trypsin, chymotrypsin and chymotryp- 
sinogen 

Pirt-Rivers, The oxidation diiodotyrosine derivatives 
223 


303 


474 


micro-organisms. 77. survey fungal metabolism 
inorganic sulphates 

separation 

activation and purification blood fibrinolysin 163 

aniline the mouse 

xxii, 573, 578 


216 


550 


polarized radiation 

polarized radiations xviii 

468 

Quantitative estimation threonine and 
phenylalanine content the 

comparative study the succinic dehydro- 
system heart muscle and kidney 

The effect sulphydryl-combining reagents 
the activity the succinic oxidase system 

The measurement the cytochrome oxidase 
activity tissue preparations 


Metabolism aryl sulphides. Simultaneous 
determination p-methylthioaniline and p-methyl- 
sulphonylaniline biological material 

tion blood-group substances 

the Feulgen reaction xxiii 

Carbon dioxide fixation animal tissues 
616 

urinary copper excretion 

method [of partition chromatography and the chairman’s 
summing (Proc.) 


Diffusion hydrogen ions through isolated 
gastric 

see Bray, 211, 561 

Tracey, manometric method for the estimation 
milligram quantities uronic acids 185 

Tracey, see also 147, 151 

The recovery from animal tissues 
and its colorimetric micro-estimation 


Wacer, Experimental evidence that the stem-end 
blackening pigment potatoes compound iron 
318 


indicator hormonal levels human 

catalase normal and cancerous rats 118 

improved diacetyl reaction for the 
estimation urea blood 420 

Thomas Cameron 

catalase activity 

the 

(Juglans regia) 585 
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Index Subjects 


Note. 


Entries marked with asterisk (*) refer communications made title only. 


Entries marked with section mark (§) refer contributions Symposia. 
Small roman numerals refer pages Proceedings the Biochemical Society. 


Absidia spinosa, utilization inorganic sulphate (Raistrick, 

Absorption, intestinal, 3-methylglucose (Campbell, 
Davson, H.) 426 

Absorption quinine and its degradation product blood 
(Marshall, Rogers, W.) 414 

Absorption retinene, (Glover, J., Goodwin, 
Morton, A.) 109 

505 

Absorption spectra retinene, and vitamin (Glover, J., 
Goodwin, Morton, A.) 109 

Absorption spectrum bacterial catalase (Herbert, 
Pinsent, J.) 193 

Absorption spectrum non-carotenoid pigment from 
lymph goats (Goodwin, Gregory, A.) 505 

Absorption spectrum vitamin (Glover, J., Goodwin, 

acids, urine after acetotoluidides 

p-Acetamidomethylphenylglucuronide urine after 
hydroxybenzylacetamide (Hartles, Williams, 
296 

Acetate, utilization ruminant (Folley, French, 

Acetic acid, behaviour buffered partition columns 
(Moyle, V., Baldwin, Scarisbrick, R.) 308 

Acetotoluidides, metabolism rabbit (Bray, H.G. Thorpe, 
W.V.) 

incubation 
R.) 223 

acid, preparation 
and incubation products (Pitt-Rivers, R.) 223 

N-Acetylglucosamine, metabolism of, streptococci 
(Rogers, 

N-Acetyl-p-hydroxybenzylamine see 
acetamide 

Acids, fatty see Fatty acids 

Acids, organic, partition chromatography (Elsden, R.) 
xlix 

Acids, partition chromatogram for, theory and use (Levi, 
A.A.) 257 

Acids, phenolic, occurrence and role of, arthropods 

Adenosinetriphosphate, effect glutamic acid synthesis 
(Krebs, A., Eggleston, Hems, R.) 406 

Adrenalectomy, effect tissue arginase levels (Folley, 
Greenbaum, L.) 581 

Adrenaline, oxidation Belladonna polyphenolase (James, 
626 

Adrenochrome, formation (James, Roberts, 

Aédes aegypti, larva see Mosquito larva 

Aerosporin see Polymyxin 

Aesculetin, oxidation polyphenolase (James, 

Aggregation soil particles see Soil particles 

Alanine, formation thyroxine synthesis (Pitt-Rivers, R.) 
223 

Alanine, oxidation catechol-polyphenolase system (James, 


p-Hydroxybenzyl- 


Albumin, serum, chemistry and immunology phos- 
phorylated (Boursnell, C., Dewey, Wormall, 


A.) 
Albumin, serum, electrophoresis (Hoch, Hoch-Ligeti, 


Albumin, serum see also Protein, serum 

Alcaptonuria, after injection homogentisic acid (Leaf, 
Neuberger, A.) 606 

Aldehyde mycophenolic acid (Birkinshaw, 
H., Bracken, A., Morgan, Raistrick, H.) 216 

Algae, lipochromes gametes (Carter, W., Cross, C., 

Alkalis, effect collagen (Bowes, Kenten, H.) 
365 

Alkalis, effect deaminated wool (Cockburn, R., Drucker, 
Lindley, H.) 438 

Alkalis, effect medullated keratins (Blackburn, 
114 

Alkaloids, bark Cinchona Ledgeriana (Birch, 
Doughty, 

acids, methylation moulds (Bird, L., 

Allium, sulphur compounds (Challenger, Greenwood, 
D.) 

Alternaria sp., utilization inorganic sulphate (Raistrick, 

Amination, reductive, «-ketoglutarate tissues (Krebs, 
A., Eggleston, Hems, R.) 406 

Amines, secondary, reaction with catechol-polyphenolase 
system (Beevers, James, 636 


Amines, tertiary, reaction with catechol-polyphenolase 


system (Beevers, James, 636 

Amino-acid decarboxylases see Decarboxylases 

Amino-acids, colour reactions urine (Hall, 

Amino-acids, estimation chromatogram (Martin, 
Mittelmann, R.) 353 

Amino-acids, collagen (Bowes, Kenten, H.) 
358 

R.) 353 

Amino-acids, medulla keratins (Blackburn, 114 

Amino-acids, nuclear protein (Davidson, Lawrie, 

Amino-acids, polymyxins (Jones, (Catch, 

Amino-acids, tropomyosin (Bailey, K.) 271 

Amino-acids, occurrence biological fluids (Dent, E.) 
169 

Amino-acids, oxidation catechol-polyphenolase system 
(James, O., Roberts, H., Beevers, Kock, 

Amino-acids, paper chromatography (Dent, E.) 169, 
(Sanger, F.) 

Amino-acids, polarographic estimation copper complexes 
(Martin, Mittelmann, R.) 353 

Amino-acids, quantitative chromatographic separation 
(Reich, 

Amino-acids, required mosquito larva (Golberg, 
Meillon, B.) 379 

Amino-acids, tissue cell growth (Fischer, A.) 
491 

o-Aminobenzoic acid see Anthranilic acid 


As 


Aminocresols, urine after acetotoluidides (Bray, 
Thorpe, V.) 211 
new, physical properties (Ainley, 
Sexton, A.) 468 
substituted, insecticidal action (Ainley, 
p-Amino-o-quinone, formation during amino-acid oxidation 
James, 636 
Ammonia, utilization liver tissue (Krebs, A., Eggleston, 
hydrolysis amylose (Hopkins, H., Jelinek, 
Amylopectin, potato, glucose residues (Halsall, 
Amylopectin, potato, preparation and properties pure 
Amylose, growing potatoes (Halsall, G., Hirst, L., 
Amylose, potato, hydrolysis (Hopkins, H., 
Amylose, potato, preparation and properties pure 
Anaemia, caused pteroylglutamic acid deficiency 
Anhydrase, carbonic see Carbonic anhydrase 
Animal tissue see Tissue, animal 
§Anthocyanins, partition chromatography (Bate-Smith, 
Anthranilic acid, urine after o-acetotoluidide (Bray, 
Antibacterial activity fuscin (Marcus, 532 
Antibacterial activity penicillins (Boon, R., Calam, 
T., Gudgeon, Levi, A.) 262 
Antigens, fate injected (Banks, E., 
C., Dewey, M., Francis, E., Tupper, 
Wormall, A.) 518 
Anti-lewisite, British see 2:3-Dimercaptopropanol 
Anti-pernicious anaemia factor, purification (Lester Smith, 
action catalase (Williamson, Rudge, 
Antrypol see Suramin 
Aphids, action insecticides (Davies, Sexton, 
A.) 461; (Ainley, Sexton, A.) 468 
Apozymase, determination cozymase with 
Apples, nitrogen metabolism during respiration climacteric 
(Hulme, A.C.) 343 
Arachis hypogea, lignin (Bondi, Meyer, H.) 248 
Arginase, tissue, determination (Folley, Greenbaum 
537 
Arginase, tissue, effect adrenalectomy (Folley, 
Greenbaum, L.) 581 
Arginase, tissue, factors affecting activity (Folley, 
Greenbaum, 537 
Arginine, apparent, plasma proteins 
(Keyser, W.) 488 
Arginine, effect cell growth (Fischer, A.) 491 
Arsenic compounds, action moulds (Bird, L., Chal- 
Arthropods, hardening cuticle (Hackman, H., 
Arthropods, phenolic substances (Hackman, 
Aryl sulphides, metabolism (Rose, Spinks, A.) vii; 
(Spinks, vii 
Ascaris lumbricoides, recovery nicotine from tissue 
(Trim, 
Ascophyllum gametes (Carter, W., 
Cross, C., Heilbron, Jones, H.) 349 
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Ascorbic acid, walnut tissues (Wokes, Melville, R.) 
585 

Ascorbic acid, oxidation Belladonna polyphenolase 
(James, O., Roberts, H., Beevers, Kock, 
P.C.) 626 

acid, role tyrosine metabolism (Painter, 
398 

L-Ascorbic acid, therapeutic value synthetic and naturally 

Asparagine, apples, relation protein content (Hulme, 
A.C.) 343 

Aspergillus spp., methylation arsenic compounds 
(Bird, L., Challenger, F., Charlton, T., Smith 

Aspergillus spp., sulphur metabolism (Raistrick 
Vincent, 

Atropa belladonna, isolation polyphenolase from (James, 
626 

Atropa belladonna see also Belladonna polyphenolase 


Bacillus antibiotics from see Polymyxins 
Bacillus subtilis, production levans (Geoghegan, 
Brian, 
Bacteria, action lysozyme (Herbert, Pinsent, J.) 
193 
Bacteria, decomposition and synthesis cozymase 
Bactericidal agents, effect metabolism hydroxyphenyl 
398 
Bacterium coli see Escherichia coli 
Bacterium lactis aerogenes, growth presence phenol, 
alcohols, ketones and acetates (Dagley, S., Freeman, 
Tatton, 
BAL, see 
Bark Cinchona Ledgeriana, alkaloids (Birch, 
Doughty, 
Bayer 205 see Suramin 
Beaver, lipids brain (Johnson, C., McNabb, 
Rossiter, J.) 573 
Beaver, lipids peripheral nerve (Johnson, C., McNabb, 
Beetle, flour, see confusum 
Belladonna polyphenolase, isolation (James, 
Belladonna polyphenolase, oxidation amino-acids 
(James, O., Roberts, H., Beevers, Kock, 
P.C.) 626 
Belladonna polyphenolase, oxidation ornithine (James, 
Belladonna polyphenolase, reaction with amines (Beevers, 
Bence-Jones protein, see Protein, Bence-Jones 
acid, partition chromatography (Levi, A.) 
Blood, carotene:vitamin ratio (Glover, J., Goodwin, 
Blood cells, see Erythrocytes, Leucocytes 
Blood, determination quinine degradation product 
(Marshall, Rogers, W.) 414 
Blood, whole, determination and distribution suramin 
Blood fibrinolysin see Fibrinolysin 
Blood-group substance, mild acid hydrolysis (Aminoff, 
Blood-group substances, enzymic decomposition (Stack, 
serum see Serum 
Blood urea see Urea 
Blowflies see Calliphora 
Brain, glutamic acid synthesis (Krebs .H. A., Eggleston, 
Hems, R.) 406 
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Brain, normal, lipids (Johnson, C., McNabb, 
Rossiter, J.) 573, xxii 

British anti-lewisite see 2:3-Dimercaptopropanol 

Butyric acid, behaviour buffered partition columns 
(Moyle, V., Baldwin, Scarisbrick, R.) 308 


Cacao soils, copper-retaining powers (Lees, H.) 624 

Calcium, effect skeletal muscle respiration (Lasnitzki, A.) 
xvi 

Calcium metabolism cows, effect thyroxine (Owen, 
E.C.) 243 

Calliphora erythrocephala, action insecticides (Davies, 
A.) 468 

Cameron, T., obituary notice (White, Collip, 

Cancer, liver catalase activity (Weil-Malherbe, 
Schade, R.) 118 

Cancer, protein metabolism (Weil-Malherbe, 
Schade, R.) 118 

acid, behaviour buffered partition columns 
(Moyle, V., Baldwin, Scarisbrick, R.) 308 

Caproic acid, behaviour buffered partition columns 
(Moyle, V., Baldwin, Scarisbrick, R.) 308 

Caprylic acid, behaviour buffered partition columns 
(Moyle, V., Baldwin, Scarisbrick R.) 308 

Carbamic acid derivatives, insecticidal action (Davies, 
Sexton, A.) 461 

Carbamido reaction see Diacetyl reaction 

Carbamylphenylglucuronides, urine after hydroxy- 
benzamides (Bray, G., Ryman, Thorpe, V.) 
561 

Carbohydrates, influence soil aggregation (Geoghegan, 

§Carbohydrates, study partition chromatography 
(Partridge, M.) 

Carbon dioxide fixation animal tissues (Stern, R.) 
616 

Carbon dioxide see also Decarboxylation 

Carbonic anhydrase, function gastric mucosa (Davies, 

Carbonic anhydrase, study enzymic reactions (Krebs, 

Carbonic anhydrase, inhibition sulphonamides (Krebs, 
A.) 525 

Carbonic anhydrase, manometric determination activity 

Carbothialdines see Thiadiazines 

Carboxylase, yeast see Yeast carboxylase 

p-Carboxyphenylglucuronide, urine after p-hydroxy- 
benzylamine (Hartles, Williams, T.) 296 

conversion vitamin rats (Glover, J., 
Goodwin, Morton, A.) 512 

gametes Fucaceae (Carter, W., Cross, 
C., Heilbron, Jones, H.) 349 

Carotene metabolism, effect thyroid (Goodwin, W.) 

Carotene metabolism, herbivores (Goodwin, 
Gregory, A.) 505 

Carotene metabolism, role thyroglobulin and iodinated 

Cartilage, chondroitin sulphate M.) 387 

Cartilage, extraction chondromucoid from (Partridge, 
387 

Casein, iodinated, effect carotene metabolism (Cama, 

Casein, iodinated, hydrolysis products (Pitt-Rivers, R.) 
223 

Casein, iodinated, use of, increase milk yield (Owen, C.) 
235, 243 

Casein, phosphorylated, chemistry (Boursnell, C., 


Davson, H.) 426 

Cat, lipids brain (Johnson, C., McNabb, 
Rossiter, J.) 573 

Cat, lipids peripheral nerve (Johnson, C., 

Catalase, bacterial, isolation and properties (Herbert, 
Pinsent, J.) 193 

Catalase, bacterial, sedimentation (Cecil, Ogston, 


A.G.) 
Catalase, effect antipyretics (Williamson, Rudge, 
A.) 


Catalase, human erythrocyte, isolation 
(Herbert, Pinsent, J.) 203 

Catalase, human erythrocyte, sedimentation (Cecil, 
Ogston, 205 

Catalase, liver, decomposition hydrogen peroxide 
(George, P.) 287 

Catalase, liver, effect serum injection (Weil-Malherbe, 
Schade, R.) 118 

Catalase, liver, cancerous and normal rats (Weil-Malherbe, 
Schade, R.) 118 

Catalysis hydrogen peroxide decomposition (George, P.) 
287 

Catechol, from lignins (Bondi, Meyer, H.) 248 

Catechol, metabolism rabbit (Garton, Williams, 
206 

Catechol monoglucuronide, urine after catechol (Garton, 

Catechol oxidase Belladonna see 
phenolase 

Catechol, oxidation Belladonna polyphenolase (James, 
626 

Cells, blood see Erythrocytes, Leucocytes 

Cells, tissue, amino-acid metabolism (Fischer, A.) 491 

Cephalin see Kephalin 

Cephalosporium sp., utilization inorganic sulphate 

Cereals, assay nicotinic acid (Klatzkin, C., Norris, 

Cerebroside, normal brain (Johnson, C., McNabb, 

Cerebroside, peripheral nerve (Johnson, C., McNabb, 

Cetavlon (cetyltrimethylammonium bromide) effect 
decarboxylation glutamine and glutamic acid (Krebs, 
A.) 51; (Hughes, xvii 

Cetavlon, effect glutaminase (Hughes, Williamson 
D.H.) 

Chain mechanism, catalysis hydrogen peroxide 
decomposition (George, P.) 287 

partition chromatography (Bate-Smith, C.) 
xlix 

Chick, absorption quinine and its degradation product 

Chick, nucleic acid phosphorus embryo (Davidson, 
Leslie, 

Chitin, sorption DDT and analogues (Lord, A.) 

Chlorophyll, gametes Fucaceae (Carter, W., Cross, 

Cholesterol, effect faecal lipoids rats (Cook, 

Cholesterol, effect growth mosquito larva (Golberg, 
Meillon, B.) 372 

Cholesterol, normal brain (Johnson, C., McNabb, 
Rossiter, J.) 573 

Cholesterol, peripheral nerve (Johnson, C., McNabb, 

Cholesterol, Liebermann-Burchard reaction for (Kenny, 
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Choline glycerophosphate, preparation isomers (Aloisi, 
Buffa, P.) 157 

Cholinesterase, human erythrocyte, specificity (Adams, 

Cholinesterases, hydrolysis triacetin (Holton, P.) 
xiii 

Chondroitin sulphate, cartilage 387 

Chondromucoid, from cartilage (Partridge, M.) 387 

Chromatogram for separation acids, theory and use 
(Levi, A.) 257 

Chromatography, paper partition, analysis gramicidin 

Chromatography, paper partition, detection creatine and 
creatinine (Maw, A.) 139 

§Chromatography, paper partition, carbohydrate studies 
(Partridge, 

paper partition, study amino-acid 
and protein metabolism (Dent, 

paper partition, study protein 
structure (Sanger, 

Chromatography, paper partition, amino-acids and other 
ninhydrin-reacting substances (Dent, E.) 169 

Chromatography, paper partition, amino-acids keratin 
medulla (Blackburn, 114 

§Chromatography, paper partition, anthocyanins, 
flavones and chalcones (Bate-Smith, 

Chromatography, paper partition, normal urine (Hall, 

Chromatography, paper partition, quantitative analysis 
amino-acids (Martin, Mittelmann, R.) 353 

§Chromatography, partition, purification process 


Chromatography, partition, estimation saturated 
fatty acids (Moyle, V., Baldwin, Scarisbrick, R.) 
308 

Chromatography, partition, growth factor for Coryne- 
bacterium diphtheriae (Chattaway, W., Dolby, E., 


Chromatography, partition, purification anti-pernicious 
anaemia factor (Lester Smith, Parker, J.) 

Chromatography, partition. separation penicillins 
(Boon, R., Calam, T., Gudgeon, Levi, A.) 
262 

§Chromatography, partition, with stationary phases other 
than water alone (Levi, A.) 

Chromatography, quantitative separation amino-acids 

Chymotrypsin, effect thiols (Peters, Wakelin, 

Chymotrypsin, sedimentation diagram (Cecil, R.) 

Chymotrypsinogen, effect thiols (Peters, Wakelin, 

Cinchona Ledgeriana, alkaloids bark (Birch, 
Doughty, 

Cinchonidine, bark Cinchona Ledgeriana (Birch, 
Doughty, R.) 

Cinchonine, bark Cinchona Ledgeriana (Birch, 
Doughty, 

Citrate, effect glutamic acid synthesis (Krebs, A., 
Eggleston, Hems, R.) 406 

Citrate, formation from «-ketoglutarate (Stern, R.) 

Citric acid, micro-estimation (Weil-Malherbe, H.) 

Clasterosporium sp., utilization inorganic sulphate 

Clostridium welchii, decarboxylation glutamine and 
glutamic acid (Krebs, A.) 51; (Hughes, xvii 

Clostridium welchii, enzymes decomposing 

Clostridium welchii, glutaminase (Krebs, A.) 51; 

Coagulation, blood, effect factor (Owren, A.) 136 


616 
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Cobalt ions, effect tissue arginase activity (Folley, 
Greenbaum, L.) 537 

Coenzyme see Cozymase 

358 

Collagen, effect alkalis (Bowes, Kenten, H.) 
365 

Collagen, molecular weight (Bowes, Kenten, H.) 
358 

Collagen, relationship with chondroitin sulphate cartilage 
387 

Collagen, thermal contraction fibres (Partridge, M.) 
387 

Collagen, titration curve (Bowes, Kenten, H.) 
358 

Compensating reactions see Reactions, compensating 

Conjugation and deamination p-hydroxybenzylamine 
and allied compounds rabbit (Hartles, 
Williams, T.) 296 

Connective tissue see Tissues, connective 

Contraction, thermal, rat-tail tendon (Partridge, M.) 
387 

Copper, determination meat digests (Jones, A.) 429 

Copper, retention of, cacao soils (Lees, H.) 624 

Copper, urinary excretion, effect BAL (Stewart, 
Robertson, 

Coproporphyrin III ester, isolation from Corynebacterium 
diphtheriae cultures (Gray, Holt, B.) 191 

Corynebacterium diphtheriae, growth factor for, from yeast 
(Chattaway, W., Dolby, E., Hall, Happold 

Corynebacterium diphtheriae, porphyrins from cultures 
(Gray, Holt, B.) 191 

Cows, lactating, effect thyroxine metabolism 
(Owen, 235, 243 

Cozymase, breakdown system from nervous tissue 

Cozymase, decomposition and synthesis bacteria 

Cozymase, estimation using apozymase 
Hughes, E.) 

Creatine detection partition chromatography (Maw, 
A.) 139 

Creatine, metabolism lactating cows, effect thyroxine 
(Owen, 235 

Creatinine, detection partition chromatography (Maw, 
A.) 139 

Creatinine, ingested, fate rat A.) 142 

p-Cresol, oxidation Belladonna polyphenolase (James, 
626 

Current, electric, effect gastric HCl secretion (Crane, 
E., Davies, E., Longmuir, M.) 336 

Current, electric, effect potential difference across gastric 
mucosa (Crane, E., Davies, Longmuir, M.) 
336 

Cuticle, hardening of, role phenolic substances (Hackman, 

Cuticle, pigmentation mosquito larva (Golberg, 
Meillon, B.) 379 

Cyanate, enzymic hydrolysis (Holtham, Schiitz, F.) 
XXxi 

properties (Ainley, Sexton, A.) 468 

Cysteine ester hydrochloride, action chymotrypsin 

Cystine, effect cell growth (Fischer, A.) 491 

Cystine, keratins, effect alkalis (Blackburn, 114; 
(Cockburn, R., Drucker, Lindley, H.) 438 

Cystine, peptide of, wool hydrolysates (Consden, 
Gordon, 
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Cytochrome oxidase, inhibition synthetic oestrogens 
(Case, Dickens, F.) 481 

Cytochrome oxidase, measurement activity (Slater, C.) 

Cytochrome-succinic dehydrogenase 
muscle and kidney (Slater, 

Cytoplasm, labile liver, relation urinary nitrogen 
(Campbell, Kosterlitz, W.) 416 


system heart 


preparation colloidal suspensions (Lord, A.) 

DDT, sorption of, chitin (Lord, A.) 

DDT analogues, sorption of, chitin (Lord, A.) 

Deamination and conjugation p-hydroxybenzylamine 
and related compounds rabbit (Hartles, 
Williams, T.) 296 

Deamination glutamine, Clostridium welchii suspen- 
sions (Krebs, A.) 51; (Hughes, Williamson, 

Decarboxylase, glutamic, factors affecting action (Krebs, 
H.A.) 

Decarboxylases, amino-acid, Lactobacilli (Rodwell, W.) 

Decarboxylation, bacterial, glutamic acid and glutamine, 

Decarboxylation, glutamic acid and glutamine 
Clostridium suspensions (Krebs, A.) 

Decarboxylation, pyruvate (Krebs, Roughton, 
550 

550 

Dehydrogenase, succinic see Succinic dehydrogenase 

Delipidization serum, effect fibrinolysin activity 
(Rocha Silva, Rimington, C.) 163 

Deoxyribonucleic acid phosphorus, chick embryo 

Dermoproteinase, rat skin (Neville-Jones, Peters, 
A.) 

Detergents, effect glutamine and glutamic acid de- 
carboxylation (Krebs, A.) 51; (Hughes, E.) xvii 

Brian, 

Diacetyl reaction, urea estimation by, 
anthranilic acid (Wheatley, 420 

Diallyl disulphide, fission mould 
(Challenger, Greenwood, D.) 

Diaphragm, isolated, effect anterior pituitary extract 

Dichlorodiphenyltrichloroethane see DDT 

Digests, meat, determination copper and iron traces 
(Jones, A.) 429 

Dihydrofuscin, preparation and properties (Michael, 
529 

2:5-Dihydroxybenzoic acid see Gentisic acid 

3:4-Dihydroxybenzoic acid see Protocatechuic acid 

see Stilboestrol 

1:4-Dihydroxy-2-ethylbenzene see Ethylhydroquinone 

3:4-Dihydroxyphenylacetic acid, arthropods (Hackman, 


using phenyl- 


2:5-Dihydroxyphenylalanine, metabolism isomers 
(Neuberger, A.) 599 
2:5-Dihydroxyphenylalanine, synthesis resolution 


(Neuberger, A.) 599 
2:5-Dihydroxyphenylethylamine, synthesis (Leaf, 
Neuberger, A.) 606 
2:5-Dihydroxyphenylpyruvic acid, preparation (Neuberger, 
A.) 599 
4:4’-Dihydroxystilbene, inhibition succinoxidase system 
(Case, Dickens, F.) 481 
3:5-Diiodo-4-hydroxybenzaldehyde, from 
diiodotyrosine (Pitt-Rivers, R.) 223 


oxidation 
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synthesis R.) 434 

Diiodotyrosine, oxidation products (Pitt-Rivers, R.) 

2:3-Dimercaptopropanol, action trypsin (Peters, 

2:3-Dimercaptopropanol, effect urinary copper excretion 

2:3-Dimercaptopropanol, effect young rats (Graham, 

Dimethylamine, reaction polyphenolase-catechol system 

p-Dimethylaminobenzaldehyde, colourreaction with fluorene 
derivatives (Neish, 533 

Dimethylsulphonium compounds, metabolism moulds 

Diphenylamine-2-carboxylic acid see N-phenylanthranilic 
acid 

Diphtheria porphyrins, isolation (Gray, Holt, B.) 
191 

Dithiocarbamates, insecticidal activity (Davies, 
Sexton, A.) 461 

Diuresis, water, normal and hypoproteinaemic rats 
(Dicker, E.) 453 

Dog, effect high blood urea acid-base balance 
serum (Nicholson, F.) 478 

Dog, lipids brain (Johnson, C., McNabb, 
Rossiter, J.) 573 

Dog, lipids peripheral nerve (Johnson, C., McNabb, 

Doralis spp., action insecticides (Davies, Sexton, 
A.) 461; (Ainley, Sexton, A.) 468 


293 


Electrical phenomena, gastric mucosa, relation HCl 
secretion (Crane, E., Davies, Longmuir, M.) 
321, 336 

Electron-cycle mechanism, for production (Crane, E., 

Electron microscope study tropomyosin (Astbury, T., 

Electrophoresis, chondromucoid from cartilage (Partridge, 
387 

Electrophoresis, human serum albumin (Hoch, 
Hoch-Ligeti, C.) 556 

Electrophoresis, tropomyosin (Bailey, K.) 

Endoconidiophora metabolic 
(Morgan, 

Energy, electric, utilization secretion (Crane, 

Energy relations, chemical and electrical, gastric mucosa 

Enzyme, esterifying vitamin rat tissue (Glover, J., 
Goodwin, Morton, A.) 109 

Enzyme, reducing retinene, vitamin frog retina 
(Glover, J., Goodwin, Morton, A.) 109 

Enzymes, bacterial, effecting decomposition blood-group 

Enzymes, bacterial, liberation with lysozyme (Herbert, 
Pinsent, J.) 193 

Enzymes, oxidizing, walnut (Wokes, Melville, R.) 
585 

Enzymes, pancreatic, effect thiols (Peters, 
Wakelin, W.) 

Enzymes, proteolytic, rat skin (Neville-Jones, 
Peters, A.) 303 

Enzymes, respiratory, inhibition synthetic oestrogens 
(Case, Dickens, F.) 481 

Enzymes, tobacco-leaf, effect fertilizers (Holden, 
Tracey, V.) 147 

Enzymes, tobacco-leaf, effect virus infection (Holden, 

Enzymes see also under individual names 

Eragrostis tef, lignin (Bondi, Meyer, H.) 


271 
products 


248 
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Erythrocytes, human, cholinesterase from (Adams, 
Whittaker, P.) xiv 

Erythrocytes, isolation pure catalase from (Herbert, 
Pinsent, J.) 203 

Escherichia coli, formic hydrogenlyase (Lascelles, 

Escherichia coli, inactivation cozymase 

Escherichia coli, nicotinamide synthesis by, effect 
tryptophan (Ellinger, Abdel Kader, M.) 

Esterification vitamin vivo (Glover, J., Goodwin, 

Esters, phosphoric, hydrolysis prostatic phosphatase 
(Delory, E.) xiv 

Ethanol, coupled oxidation (Herbert, Pinsent, J.) 
193 

Ethylene, nitrogen metabolism apples treated with 
(Hulme, A.C.) 343 

Ethylhydroquinone, isolation extracts from 
spp. (Hackman, H., Pryor, Todd, R.) 
474 

p-Ethylphenylsulphuric acid, isolation from goat urine 
(Grant, K.) 523 

Extracellular fluid tissues, changes in, during water 
diuresis rats (Dicker, E.) 453 

Extracellular fluid tissues, increase hypoproteinaemic 
rats (Dicker, E.) 444 

Factor (coagulation), preparation properties 
(Owren, A.) 136 

Famine oedema see Oedema, famine 

Fat, milk, effect thyroxine (Owen, 235 

Fats, effect Lactobacilli used microbiological assays 

Fats school shark (Oliver, Shorland, B.) 

Fatty acid, polymyxins (Catch, R., Jones, 
Wilkinson, 

Fatty acids, effect Lactobacilli used microbiological 

Fatty acids, fats school shark (Oliver, Shorland, 

Fatty acids, saturated separation and estimation 
buffered partition columns (Moyle, V., Baldwin, 
Scarisbrick, R.) 308 

Feathers, keratin (Blackburn, 114 

Ferric ions, decomposition hydrogen peroxide (George, 

Ferrous ions, decomposition hydrogen peroxide 
(George, P.) 287 

Ferrous phthalocyanine, decomposition hydrogen 
peroxide (George, P.) 287 

Fertilizers, effect composition tobacco leaves (Holden, 

Feulgen reaction, cytological interpretation (Stedman, 
Stedman, E.). xxiii 

Fibrinolysin, blood, purification and activation (Rocha 
Silva, Rimington, C.) 163 

Fibrinolysin, production haemolytic streptococci (Green, 

Fibroblasts, amino-acids needed for growth (Fischer, A.) 
481 

Flame photometer, determination serum potassium 
(Klyne, W.) xxv 

partition chromatography (Bate-Smith, C.) 
xlix 

Flour beetle see 

Flora, intestinal bacterial, role tyrosine metabolism 

Fluids, biological, occurrence amino-acids and ninhydrin- 
reacting substances (Dent, E.) 169 

Fluorene, colour reaction derivatives with p-dimethyl- 
aminobenzaldehyde (Neish, P.) 533 

Fluorene, metabolism rabbit (Neish, P.) 533 


Fluorene-2-glucuronide, urine after fluorene (Neish, 

Fluoride, effect of, spermatozoic metabolism (Mann, 
266 

Formaldehyde hypothesis biological methylation (Bird, 

Formic hydrogenlyase coli (Lascelles, 

Fractionation, isoelectric, purification fibrinolysin 
(Rocha Silva, Rimington, C.) 163 

Fractionation potato starch (Hopkins, Jelinek, 
B.) 

Frog gastric mucosa, effect electric current HCl 
secretion (Crane, E., Davies, Longmuir, 
336 

Frog gastric mucosa, electrical changes in, during HCl 
secretion (Crane, E., Davies, Longmuir, M.) 
321, 336 

Fructose, utilization spermatozoa and seminal vesicles 
(Mann, Lutwak-Mann, C.) 266 

Fucaceae, lipochromes gametes (Carter, W., Cross, 
C., Heilbron, Jones, H.) 349 

Fucoxanthin, gametes Fucaceae (Carter, W., Cross, 

Fumago vagans, utilization inorganic sulphate 

Fumarate, effect glutamic acid synthesis (Krebs, A., 
Eggleston, Hems, R.) 406 

Fungi see Moulds 

Fuscin, antibacterial activity (Marcus, 532 

Fuscin, preparation and properties (Michael, E.) 529 

Fuscin-thioglycollic acid, antibacterial activity (Marcus, 
532 

Fuscin-thioglycollic acid, preparation (Michael, E.) 529 


Galeorhinus australis see Shark, school 

Gametes Fucaceae, lipochromes (Carter, W., Cross, 
C., Heilbron, M., Jones, H.) 349 

Gastric mucosa see Mucosa, gastric 

Gentisamide, urine after salicylamide (Bray, G., 
Ryman, E., Thorpe, V.) 561 

Gentisic acid, urine after salicylic acid (Bray, G., 
Ryman, Thorpe, V.) 561 

Gland, mammary see Mammary gland 

Globulin, serum, chemistry and immunology phosphory- 
lated (Boursnell, C., Dewey, M., Wormall, A.) 

Globulin, serum see also Protein, serum 

Glucose residues potato amylopectin (Halsall, G., 

Glucose uptake muscle, effect anterior pituitary 

Glucose utilization spermatozoa and seminal vesicles 
(Mann, Lutwak-Mann, C.) 266 

Glucuronic acid, from oestriol ‘monoglucuronide’ (Grant, 

activity, index organic growth 

Levvy, 

ox-spleen, purification and activity 
(Mills, T.) 125 

Glucuronide, ester, urine after p-acetotoluidide (Bray, 

Glucuronide, urine after catechol (Garton, 
Williams, T.) 206 

Glucuronides, urine after hydroxybenzoic acids and 
amides (Bray, G., Ryman, E., Thorpe V.) 
561 

Glucuronides, urine after p-hydroxybenzylamine and 
related compounds (Hartles Williams, T.) 
296 
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Glucuronides, synthesis (Karunairatnam, Levvy, 

urine after p-hydroxy- 

Glutamic acid, bacterial decarboxylation (Krebs, A.) 
51; (Hughes, E.) xvii 

Glutamic acid, effect cell growth (Fischer, A.) 491 

Glutamic acid, interference «-ketoglutaric acid deter- 

Glutamic acid, quantitative determination (Krebs, A.) 

Glutamic acid, synthesis tissues (Krebs, A., Eggleston, 
Hems, R.) 406 

Glutaminase Clostridium (Krebs, A.) 51; 
(Hughes, Williamson, H.) xlv 

Glutamine, decarboxylation (Krebs,H. A.) 51; (Hughes, 
D.E.) xvii 

Glutamine, effect cell growth (Fischer, A.) 491 

glutaminase for (Krebs, A.) 51; (Hughes, 

quantitative determination (Krebs,H.A.) 

Glutathione, effect cell growth (Fischer, A.) 491 

Glutathione, effect chymotrypsin (Peters, 
Wakelin, W.) 

synthesis and biological be- 
haviour (Aloisi, Buffa, P.) 157 

8-Glycerophosphorylcholine, synthesis and biological be- 
haviour (Aloisi, Buffa, P.) 

Glyceryltriacetate see Triacetin 

Glycine, oxidation catechol-polyphenolase system (James, 
O., Roberts, H., Beevers, and Kock, C.) 
626; (Beevers, James, 636 

Glycocyamidine, interference chromatographic detection 
creatinine (Maw, A.) 139 

Goat, carotene metabolism (Goodwin, Gregory, 
A.) 505 

Goat, isolation p-ethylphenylsulphuric acid urine 
(Grant, K.) 523 

Goat, non-carotenoid pigment lymph (Goodwin, 
Gregory, A.) 505 

Grain weevil see Sitophilus granarius 

Gramicidin chromatographic analysis (Martin, 
Mittelmann, R.) 353 

Gramineae, nature lignins (Bondi, Meyer, H.) 
248 

Guaiacol, from lignins (Bondi, Meyer, H.) 248 

Guinea pig, carbon dioxide fixation liver (Stern, R.) 
616 

Guinea pig, glutamic acid synthesis tissues (Krebs, A., 
Eggleston, Hems, R.) 406 

Guinea pig, influence scorbutic diet 
Zilva, 398 

Guinea pig, lipids brain (Johnson, C., McNabb, 
Rossiter, J.) 573 

Gulland, John Masson, obituary notice (Cook, W.) 161 


Haematin, bacterial catalase (Herbert, Pinsent, J.) 
193 

Haematin, human erythrocyte catalase (Herbert, 
Pinsent, J.) 203 

Haemin, decomposition hydrogen peroxide (George, 
P.) 287 

Haemolysin, production streptococci (Green, 

Haemophilus parainfluenzae, breakdown cozymase 

Heart muscle, carbon dioxide fixation (Stern, 616 

Heart muscle, succinic dehydrogenase-cytochrome system 

Herbivores, carotene metabolism (Goodwin, 
Gregory, A.) 505 

Hexcestrol, estimation urine (Malpress, H.) 132 


Hexoestrol monoglucuronide, estimation urine (Malpress, 
H.) 132 

Histamine, effect acid secretion and electrical properties 
gastric mucosa (Crane, E., Davies, E., Long- 
321 

Histidine, effect cell growth (Fischer, A.) 491 

Homogentisic acid, formation from tyrosine, possible 
pathways for (Neuberger, A.) 599 

Homogentisic acid, metabolism man and rats (Leaf, 
Neuberger, A.) 606 

Homogentisic acid, preparation (Leaf, Neuberger, 
A.) 606 

Hordeum murinum, lignin (Bondi, Meyer, H.) 
248 

Hormone, thyrotrophic, of, means con- 
trolling thyroid function (Harington, R.) 434 

Hydrochloric acid secretion, gastric, and electrical changes 
mucosa (Crane, E., Davies, Longmuir, 
N.M.) 321 

Hydrochloric acid secretion, gastric, chemical and electrical 

Hydrochloric acid secretion, gastric, effect electric 
current (Crane, E., Davies, Longmuir, M.) 
336 

Hydrochloric acid secretion, gastric, role carbonic 

Hydrochloricacid secretion, gastric, suggested electron-cycle 
mechanism (Crane, E., Davies, Longmuir, 
N.M.) 321 

Hydrogen ions, diffusion through gastric mucosa (Terner, 
C.) 

Hydrogen peroxide, decomposition iron-containing 
catalysts (George, P.) 287 

Hydrogen peroxide, effect antipyretics decomposition 

Hydrogenlyase, formic, coli (Lascelles, 

Hydrolysis, mild acid, blood-group substance 

Hydrolysis, organic compounds polarized radiation 
(Semmens, 

Hydroxy compounds, ethereal sulphate formation 

p-Hydroxybenzaldehyde, conjugated, urine after 
hydroxybenzylamine (Hartles, Williams, T.) 
296 

p-Hydroxybenzaldehyde, fate rabbit (Hartles, 
Williams, T.) 296 

p-Hydroxybenzaldehyde, from plant lignins (Bondi, 
Meyer, H.) 248 

o-Hydroxybenzamide, fate rabbit (Bray, G., Ryman, 

m-Hydroxybenzamide, fate rabbit (Bray, C., Ryman, 

o-Hydroxybenzoic acid, fate rabbit (Bray, G., Ryman, 

m-Hydroxybenzoic acid, fate rabbit (Bray, G., Ryman, 

p-Hydroxybenzoic acid, fate rabbit (Hartles, 
Williams, T.) 296 

p-Hydroxybenzoic acid, from plant lignins (Bondi, 
Meyer, H.) 248 

p-Hydroxybenzoic acid, urine after p-hydroxybenzyla- 
mine and p-hydroxybenzylmethylamine (Hartles, 

p-Hydroxybenzylacetamide, fate rabbit (Hartles, 
Williams, T.) 296 

p-Hydroxybenzylacetamide, preparation (Hartles, 
Williams, T.) 296 

p-Hydroxybenzylamine, fate rabbit (Hartles, 
Williams, T.) 296 

p-Hydroxybenzylmethylamine, fate rabbit (Hartles, 
Williams, T.) 296 
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p-Hydroxybenzylmethylamine, preparation 
effect glutamic acid synthesis 
(Krebs, A., Eggleston, Hems, R.) 406 
action moulds (Bird, 
reaction with mercuric 
chloride (Bird, L., Challenger, F., Charlton, 
Smith, 
2-Hydroxyfluorene, metabolism rabbit (Neish, P.) 
p-Hydroxyhippuric acid, urine after p-hydroxybenzyl- 
amine and p-hydroxybenzoic acid (Hartles, 
Williams, 296 
Hydroxylation salicylic acid and amide rabbit 
(Bray, G., Ryman, Thorpe, V.) 561 
from 
plant lignins (Bondi, Meyer, H.) 248 
Hydroxyphenyl compounds tyrosine, effect scorbutic 
diet and bactericidal agents metabolism (Painter, 
o-Hydroxyphenylalanine see o-Tyrosine 
Hydroxyquinol, urine after catechol (Garton, 
Williams, T.) 206 
p-Hydroxy-o-quinone, reaction with amino-acids, 
catechol-polyphenolase system (James, O., Roberts, 
H., Beevers, Kock, C.) 626; (Beevers, 
Hypoproteinaemia, nutritional, effect fluid balance 
tissues rats E.) 444 
Hypoproteinaemia, nutritional, effect plasma colloid 
osmotic pressure rats (Dicker, E.) 444 
Hypoproteinaemia, nutritional, effect water diuresis, 
rats (Dicker, E.) 453 


Immunology phosphorylated serum proteins (Boursnell, 

Injury potential frog gastric mucosa (Crane, E., 
Davies, Longmuir, M.) 321 

Insecticides, organic sulphur compounds (Davies, 
Sexton, A.) 461 

Insecticides, substituted «-aminonitriles (Ainley, 
Sexton, A.) 468 

Insects, hardening cuticle (Hackman, H., Pryor, 

Insects, phenolic acids (Hackman, H., Pryor, 

Insulin molecule, core (Butler, V., Phillips, 

Intestine, conversion carotene vitamin wall of, 
herbivores (Goodwin, Gregory, A.) 505 

Intestine, large, metabolism L-tyrosine (Painter, 
Zilva, 398 

Intestine, small, absorption 3-methylglucose from 
(Campbell, Davson, H.) 426 

Intestine, small, conversion retinene, vitamin 
rat (Glover, J., Goodwin, Morton, A.) 
109 

Intestine, small, conversion carotene vitamin wall 
of, rats (Glover, J., Goodwin, Gregory, A.) 
512 


Intracellular fluid tissues, changes in, during water 
diuresis rats (Dicker, E.) 453 

Intracellular fluid tissues, effect nutritional hypo- 
proteinaemia rats E.) 444 

Ions, divalent metallic, activation tissue arginase 
(Folley, Greenbaum, L.) 537 

Ions, ferric, decomposition hydrogen peroxide 
(George, P.) 287 

Ions, ferrous, decomposition hydrogen peroxide 
(George, P.) 287 


Iron, potato stem-end blackening pigment (Wager, 
H.G.) 318 

traces of, determination meat digests (Jones, A.) 
429 

Irradiation pteroylglutamic acid and xanthopterine 

Isothiocyanate see Thiocarbimide 

Isotopes, heavy, studying porphyrin formation (Muir, 

Isotopes, radioactive, studying fate injected protein 
antigens (Banks, E., Boursnell, C., Dewey, M., 
Francis, E., Tupper, Wormall, A.) 518 


Jaffé-positive substances, chromatographic behaviour (Maw, 
139 
Juglans regia see Walnut 


Kemp, composition (Blackburn, 114 

Kephalin, effect growth mosquito larva (Golberg, 
Meillon, B.) 372 

Kephalin, normal brain (Johnson, C., McNabb, 
Rossiter, J.) 573 

Kephalin, peripheral nerve (Johnson, C., McNabb, 

Keratins, medullated, composition and reactivity (Black- 
114 

acid, from oxidation phenol (Kilby, 

carbon dioxide fixation (Stern, R.) 
616 

formation from pyruvate 616 

manometric determination (Krebs, 

reductive amination (Krebs, A., Eggles- 
ton, Hems, R.) 406 

Kidney, effect adrenalectomy arginase activity 

Kidney cortex, carbon dioxide fixation 616 

Kidney cortex, glutamic acid synthesis (Krebs, A., 
Eggleston, Hems, R.) 406 

Kidney threshold homogentisic acid (Leaf, Neu- 
berger, A.) 606 


Lactobacilli, amino-acid decarboxylases (Rodwell, W.) 
Xxxix 

Lactobacilli, microbiological assays, effect fats and 

Lactobacillus casei, growth factors for, liver (Chattaway, 

Lanthionine, effect alkalis formation deaminated 
wool (Cockburn, R., Drucker, Lindley, H.) 438 

Larva, mosquito see Mosquito larva 

Larvae, insect, action organic sulphur compounds 
(Davies, Sexton, A.) 461 

Lathyrus ochrus, lignin (Bondi, Meyer, H.) 248 

Leaves, extraction nitrogenous and dry matter from 
(Crook, Holden, M.) 181 

Leaves, tobacco see Tobacco leaves 

Lecithin, effect growth mosquito larva (Golberg, 
Meillon, B.) 372 

Lecithin, normal brain (Johnson, C., McNabb, 
Rossiter, J.) 573 

Lecithin, peripheral nerve (Johnson, C., McNabb, 

Leguminosae, lignins (Bondi, Meyer, H.) 248 

Leucocytes, rabbit polymorphonuclear, phosphatase 

Leuconostoc spp., production dextrans aggregating soil 

Levans, aggregation soil particles (Geoghegan, 
Brian, 

Liebermann-Burchard reaction, development colour 
(Kenny, P.) xxx 
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Lignins, young plants (Bondi Meyer, H.) 248 

Lipids, lymph, vitamin (Goodwin, Gregory, 

Lipids, normal brain (Johnson, C., McNabb, 
J.) 573, xxii 

Lipids, peripheral nerve (Johnson, C., McNabb, 
Rossiter, J.) 578, xxii 

Lipids, required mosquito larva (Golberg, 
Meillon, B.) 372 

Lipochromes, gametes Fucaceae (Carter, W., Cross, 

Lipoids, faecal, cholesterol-fed rats (Cook, P., Polgar, 

Lipovitellin, fate injected (Banks, E., 
Boursnell, C., Dewey, M., Francis, E., Tupper, 
Wormall, A.) 518 

Liver, carbon dioxide fixation minced (Stern, R.) 
616 

Liver, ratio (Glover, J., Goodwin, 

Liver, effect oestrone glucuronidase activity (Kerr, 

Liver, glutamic acid synthesis preparations (Krebs, 
A., Eggleston, Hems, R.) 406 

Liver, growth factors for Lactobacillus casei (Chattaway, 

Liver, in, after injection labelled proteins (Banks, 
E., Boursnell, C., Dewey, M., Francis, E., 
Tupper, Wormall, A.) 518 

Liver, rat, arginase activity homogenated (Folley, 

Liver, rat, arginase levels of, effect adrenalectomy 

Liver, rat, effect synthetic oestrogens succinoxidase 
(Case, Dickens, F.) 481 

Liver, rat, loss nitrogen from, during protein-free diet 
(Campbell, Kosterlitz, W.) 416 

Liver, uracil ribonucleic acid (Davidson, 
Raymond, W.) xxix 

Liver, utilization ammonia (Krebs, A., Eggleston, 
Hems, R.) 406 

Liver preparations, effect pteroylglutamic acid de- 

Locusta migratoria, action insecticides (Davies, 
Sexton, A.) 461 

Locusta migratoria, phenolic acid (Hackman, 

Lymph, goats, non-carotenoid pigment (Goodwin, 

505 

Lysine, effect cell growth (Fischer, A.) 491 

Lysine, induced deficiency of, confusum 
(Fraenkel, G.) xiv 

Lysozyme, action bacterial suspensions (Herbert, 
Pinsent, J.) 193 

Lysozyme, isolation catalase from Micrococcus lyso- 
deikticus with (Herbert, Pinsent, J.) 193 


Macrosiphoniella sanborni, action substituted «-amino- 
nitriles (Ainley, Sexton, A.) 468 

Macrosiphum spp., action organic sulphur compounds 
(Davies, Sexton, A.) 461 

reaction, coupled with reductive 
amination «-ketoglutarate (Krebs, A., Eggleston, 
Hems, R.) 406 

Mammary gland, rat, arginase activity homogenated 
(Folley, Greenbaum, L.) 537 

Mammary gland, rat, arginase levels of, effect adrenal- 
ectomy (Folley, Greenbaum, L.) 581 

Manganese activation rat-skin peptidase (Neville-Jones, 
Peters, A.) 303 


Manganese activation tissue arginase (Folley, 
Greenbaum, L.) 537 

Manometer, Warburg, determination carbonic anhydrase 
550 

Manometric apparatus, Van Slyke-Neill, pipette for use 
with (Eaton, J.C.) 405 

Manometric determination succinic and «-ketoglutaric 

Manometric determination uronic acids (Tracey, V.) 
185 

Mares, pregnancy urine see Urine, pregnancy 

structure keratins (Blackburn, 8.) 114 

Melanin formation mosquito larva (Golberg, 
Meillon, B.) 379 

assay glucuronidase prepara- 

Merthiolate, used preserve serum suramin estima- 
tions (Fischer, A.) 491 

Metals, divalent, activation tissue arginase (Folley, 
Greenbaum, L.) 537 

Metals, effect proteolytic enzymes rat skin (Neville- 
Jones, Peters, A.) 303 

Metals, trace, determination meat digests (Jones, A.) 
429 

Methionine, effect cell growth (Fischer, A.) 491 

Methylation, biological, arsenic compounds (Bird, L., 

Methylation, formaldehyde hypothesis (Bird, L., 

preparation 
and insecticidal action (Ainley, Sexton, A.) 
470 

3-Methylglucose, intestinal absorption rat and cat 
(Campbell, Davson, H.) 426 

tinamide and nicotinic acid (Holman, 
423 

Methylsulphonium compounds, metabolism moulds 

p-Methylsulphonylaniline, estimation mixtures (Spinks, 
vii 

p-Methylsulphonylaniline, formation mouse (Rose, 
Spinks, 

p-Methylthioaniline, estimation mixtures (Spinks, A.) 
Vii 

p-Methylthioaniline, metabolism mouse (Rose, 
Spinks, 

from Penicillium 
islandicum (Howard, H.) 

Micrococcus lysodeikticus, liberation catalase from, 
lysozyme (Herbert, Pinsent, J.) 193 

Micro-estimation, colorimetric, (Trim, R.) 

Micro-estimation citric acid (Weil-Malherbe, H.) 

Milk, composition of, effect thyroxine (Owen, C.) 
235, 243 

Milk, yield of, effect thyroxine (Owen, 235 

Molecular weight tropomyosin (Bailey, K., Gutfreund, 

Monothioethylene glycol, action pancreatic proteases 

Mosquito larva, amino-acid and protein requirements 
(Golberg, Meillon, B.) 379 

Mosquito larva, lipid requirements (Golberg, 
Meillon, B.) 372 

Mosquito larva, pigmentation (Golberg, 
Meillon, B.) 379 

Moths, action organic sulphur compounds (Davies, 

Moths, action substituted «-aminonitriles (Ainley, 


by 


Moulds, action arsenic compounds (Bird, L., Chal- 

Moulds, inorganic sulphate metabolism (Raistrick, 
Vincent, M.) 

Moulds, metabolism methylsulphonium compounds 


Mouse, p-methylthioaniline metabolism (Rose, 
Spinks, 

Mouse, ovariectomized, effect injected oestrogens (Kerr, 

Mouse, testes ot, effect vitamin deficiency (Elson, 
Koller, xxx 

Mucoid, from cartilage see Chondromucoid 

Mucosa, gastric, chemical and electrical energy relations 

Mucosa, gastric, diffusion hydrogen ions through 
(Terner, 

Mucosa, gastric, effect electric current (Crane, E., 
Davies, Longmuir, M.) 336 

Mucosa, gastric, electrical changes in, during secretion 
(Crane, E., Davies, Longmuir,N.M.) 321,336 

Mucosa, gastric, function carbonic anhydrase (Davies, 

Mucosae, gastro-intestinal, effect electric current 

Mucosae, gastro-intestinal, electrical properties (Crane, 
E., Davies, Longmuir, M.) 321 

Muscle, glutamic acid synthesis preparations (Krebs, 
A., Eggleston, Hems, R.) 406 

Muscle, heart see Heart muscle 

Muscle, skeletal, effect calcium respiration (Las- 
nitzki, 

Muscle fibril, new protein see Tropomyosin 

Mutants notatum, symbiosis (Hockenhull, 
J.D.) 498 

Mycophenolic acid, ozonization methylated derivatives 
(Birkinshaw, H., Bracken, A., Morgan, 
Raistrick, H.) 216 

Mycophenolic acid, ozonolysis products (Birkinshaw, H., 
Bracken, A., Morgan, Raistrick, H.) 216 

acid, structural formulae (Birkinshaw, H., 
Bracken, A., Morgan, Raistrick, H.) 216 

Myelomatosis, multiple, virus cause (Dent, 
Rose, A.) 

Myoblasts, amino-acids needed for growth (Fischer, A.) 
491 

Myosin, compared with tropomyosin (Bailey, K.) 271 


Neill-Van Slyke manometric apparatus, pipette for use with 
(Eaton, 405 

Nerve, peripheral, lipids (Johnson, C., McNabb, 

Nicotiana tabacum see Tobacco 

Nicotinamide, bacterial synthesis from cozymase 

Nicotinamide, bacterial synthesis of, action tryptophan 
(Ellinger, Abdul Kader, M.) 

Nicotinamide, preparation N-methyl-2-pyridone 

Nicotinamide methochloride, determination vitamin 

micro-estimation tissue (Trim, R.) 

Nicotinic acid, assay cereals (Klatzkin, C., Norris, 
Wokes, 

Nicotinic acid, cozymase synthesized from, streptococci 

Nicotinic acid, preparation N-methyl-2-pyridone 

Ninhydrin colour reaction, specificity (Dent, E.) 169 

Nitrogen, ‘extra’ urinary, derived from liver 

rats protein-free diet (Campbell, Kosterlitz, 

416 
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Nitrogen, extraction from leaves (Crook, Holden, 
M.) 181 

Nitrogen, use investigating porphyrin forma- 
tion (Muir, Neuberger, A.) 

Nitrogen, supplementary, effect tobacco-leaf composi- 
tion (Holden, Tracey, V.) 147, 151 

Nitrogen metabolism apples during respiration climac- 
teric (Hulme, 343 

Nitrogen metabolism lactating cows, effect thyroxine 
(Owen, 235 

Normycophenolic acid, structure (Birkinshaw, 
Bracken, A., Morgan, Raistrick H.) 216 

Nucleic acid phosphorus developing chick embryo 


Obituary notice Gulland (Cook, W.) 161 
Oedema, famine, serum protein estimation (Lloyd, B., 
Oedema, tissue, during water diuresis rats (Dicker, E.) 
453 
Oedema, tissue, hypoproteinaemic rats(Dicker,S.E.) 444 
Oenanthic acid, behaviour buffered partition columns 
(Moyle, V., Baldwin, Scarisbrick, R.) 308 
Oestriol ‘monoglucuronide’, uronic acid (Grant, 
Marrian, 
Oestrogens, glucuronides synthetic, estimation urine 
(Malpress, H.) 132 
Oestrogens, injected, effect ovariectomized mice (Kerr, 
Oestrogens, synthetic, estimation urine (Malpress, H.) 
132 
Oestrogens, synthetic, inhibition liver succinoxidase 
Oidiodendron fuscum, preparation fuscin and dihydro- 
fuscin from (Michael, E.) 529 
Oils school shark (Oliver, Shorland, B.) 
Onion, (Challenger, Greenwood, D.) 
oxidation catechol-polyphenolase system 
Osmotic pressure, plasma colloid, effect nutritional 
hypoproteinaemia (Dicker, 444 
Osteoblasts, amino-acids needed for growth (Fischer, A.) 
491 
365 
acid, formed during incubation diiodotyrosine 
(Pitt-Rivers, R.) 223 
Oxaloacetate, rate formation from pyruvate (Stern, 
616 
reaction, coupled with reductive 
amination (Krebs, A., Eggleston, 
Hems, K.) 406 
Oxalosuccinate, rate formation from «-ketoglutarate 
(Stern, R.) 616 
Oxidase, catechol, Belladonna see 
phenolase 
Oxidase, cytochrome see Cytochrome oxidase 
Oxidation, bacterial, phenol acid (Kilby, 
(James, O., Roberts, H., Beevers, Kock, 
P.C.) 626 
Oxidation, secondary, amino-acids polyphenolase 
(James, O., Roberts, H., Beevers, Kock, 
Oxyntic cells, electron-cycle mechanism for acid production 
321 


n 
Sy 
m 
es 
28, 


656 INDEX SUBJECTS 


Ozonization mycophenolic acid and its methylated 
derivatives (Birkinshaw, H., Bracken, A., Morgan, 
Raistrick, H.) 216 


Paper partition chromatography see Chromatography 

Parotid saliva, sheep (McDougall, 

Partition chromatography see Chromatography 

Pea, chemical constituents (Brown, B., Cook, 
Stewart, 

Pectase, tobacco-leaf, effect fertilizers (Holden, 
Tracey, 147 

Pectase, tobacco-leaf, effect virus infection (Holden, 

acid, behaviour buffered partition columns 
(Moyle, V., Baldwin, Scarisbrick R.) 308 

Penicillaria, lignin (Bondi, Meyer, H.) 248 

Penicillin, partition chromatogram for analysis (Levi, 

Penicillins Penicillium notatum, separation individual 
(Boon, R., Calam, T., Gudgeon, Levi, A.) 
262 

mycophenolic acid from 
(Birkinshaw, H., Bracken, A., Morgan, 
Raistrick, H.) 216 

Penicillium islandicum, 
quinone from (Howard, iii 

Penicillium notatum, penicillins two strains (Boon, 
Calam, T., Gudgeon, Levi, A.) 262 

Penicillium notatum, sulphur metabolism (Hockenhull, 
498 

Penicillium notatum, symbiosis X-ray mutants (Hocken- 
hull, D.) 498 

Penicillium spp., inorganic sulphate metabolism (Raistrick, 

Penicillium spp., methylation arsenic compounds 
(Bird, L., Challenger, F., Charlton, Smith, 

Peptidases rat skin (Neville-Jones, Peters, A.) 
303 

Peptides cystine, wool hydrolysates (Consden, 
Gordon, H.) 

Phenol, effect drugs bactericidal action (Dagley, 

Phenol, from lignins (Bondi, Meyer, H.) 248 

Phenol, used preserve serum for suramin estimation 

Phenols, oxidation polyphenolase (James, O., 

acid, partition chromatography (Levi, A.) 
257 

Phenylalanine, effect pigmentation mosquito larva 
(Golberg, Meillon, B.) 379 

Phenylalanine, polymyxins, estimation (Short, 

N-Phenylanthranilic acid, use diacetyl-urea reaction 
(Wheatley, 420 

nitrile, preparation and in- 
secticidal action (Ainley, D., Sexton, A.) 468 

Phosphatase, milk, effect thyroxine (Owen, 235 

Phosphatase, rabbit polymorphs (Cram, Rossiter, 

Phosphatase, prostatic, hydrolysis phosphoric esters 
(Delory, E.) xiv 

Phosphocreatine, sodium, preparation (Ennor, 
Stocken, A.) 190 

Phospholipins normal brain (Johnson, C., McNabb, 

Phospholipins peripheral nerve (Johnson, C., McNabb, 

Phosphorus, fate proteins containing (Banks, 
E., Boursnell, C., Dewey, M., Francis, E., 
Tupper, Wormall, A.) 518 


Phosphorus metabolism cows, effect thyroxine 
(Owen, E.C.) 243 

Phosphorus, nucleic acid, chick embryo (Davidson, 
Leslie, 

Phosphorus, supplementary, effect tobacco-leaf composi- 
tion (Holden, Tracey, V.) 147, 151 

Phosphoryl group, immunology proteins containing 
(Boursnell, C., Dewey, Wormall, A.) 

Phosphotungstates, inhibition succinic dehydrogenase 

Photometer, flame, determination serum potassium 
(Klyne, W.) xxv 

Pigeon, carbon dioxide fixation liver (Stern, R.) 616 

Pigeon, glutamic acid synthesis tissues (Krebs, 
Eggleston, Hems. R.) 406 

Pigment, non-carotenoid, lymph goat (Goodwin, 
Gregory, A.) 505 

Pigment, potato stem-end blackening (Wager, H.G.) 318 

Pigmentation gametes Fucaceae (Carter, W., Cross, 

Pigmentation mosquito larva (Golberg, Meillon, 
B.) 379 

Pipette for use with Van Slyke-Neill manometric apparatus 
(Eaton, J.C.) 405 

Pisum sativum see Pea 

Pituitary, anterior, effect extract glucose uptake 

Plants, young, lignins (Bondi, Meyer, H.) 248 

Plasma, dilution during water diuresis (Dicker, E.) 
453 

Plasma, effect protein-deficient diet colloid osmotic 
pressure and composition (Dicker, E.) 444 

Plasma, recovery suramin from (Dewey, Wormall, 

Gregory, A.) 505 

Plasma fibrinolysin, activation and purification (Rocha 
Silva, Rimington, C.) 163 

Plasma protein see Protein, plasma 

Polarographic estimation amino-acids copper com- 
plexes (Martin Mittelmann, R.) 353 


Wilkinson, 

Polymyxins, chemical basis for classification (Jones, 

Polymyxins, estimation threonine and phenylalanine 
(Short, 

Polymyxins, fatty acid (Catch, R., Jones, 
Wilkinson, 

Polymyxins, nomenclature (Brownlee, Jones, G.) 
XXV 

Polyphenolase, Belladonna see Belladonna polyphenolase 

§Polyphenols, chromatography (Bate-Smith, 

Polysaccharides, bacterial, soil aggregation (Geoghegan, 

Porphyrins, diphtheria, isolation from cultures (Gray, 
Holt, B.) 191 

Porphyrins, formation rabbit (Muir, Neuberger, 

Potassium, determination serum flame photometer 
(Klyne, W.) xxv 

Potassium p-ethylphenylsulphate, preparation (Grant, 
523 

Potato, growing, amylose and amylopectin (Halsall, 

Potato, stem-end blackening pigment (Wager, H.G.) 318 

Potato amylose see Amylose, potato 

Potato starch see Starch, potato 

Potential difference across gastric mucosa, effect electric 
336 
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Potential difference across gastric mucosa, effect HCl 
secretion (Crane, E., Davies, Longmuir, M.) 
321 

Power, electric, produced frog gastric mucosa (Crane, 
E., Davies, Longmuir, M.) 321 

Precipitin reactions phosphorylated serum proteins 
(Boursnell, C., Dewey, Wormall, A.) 

sulphate, isolation from mare’s 
pregnancy urine (Paterson, Klyne, W.) 614 

sulphate, isolation from 
mare’s pregnancy urine (Klyne, W., Schachter, 
Marrian, F.) 231 

Pressure, osmotic see Osmotic pressure 

Proline, effect cell growth (Fischer, A.) 491 

Propionic acid, behaviour buffered partition columns 
(Moyle, V., Baldwin, Scarisbrick, R.) 308 

n-Propylthiol, onion (Challenger, Greenwood, D.) 

Prostatic phosphatase see Phosphatase, prostatic 

Prosthetic group bacterial catalase (Herbert, 
Pinsent, J.) 193 

Protease, tobacco-leaf, effect fertilizers (Holden, 
Tracey, 147 

Protease, tobacco-leaf, effect virus infection (Holden, 

Proteases, pancreatic, action thiols (Peters, 
Wakelin, W.) 

Protein, Bence-Jones, absence methionine from (Dent, 

Protein, effect soil aggregation (Geoghegan, 
Brian, 

Protein, effect tumour growth rats (Weil-Malherbe, 
Schade, R.) 118 

Protein, apples, relation asparagine content (Hulme, 
A.C.) 343 


Protein, chondromucoid (Partridge, M.) 387 


Protein, liver, effect tumour (Weil-Malherbe, 
Schade, R.) 118 
Protein, nuclear, amino-acids (Davidson, Lawrie, 


§Protein, partition chromatography study (Sanger, 

Protein, fate injected (Banks, E., 
Boursnell, C., Dewey, M., Francis, E., Tupper, R., 
Wormall, A.) 518 

Protein, phosphorylated, chemistry and immunology 
(Boursnell, C., Dewey, Wormall, A.) 

Protein, plasma, effect protein-deficient diet (Dicker, 
444 

Protein, plasma, estimation apparent arginine content 
(Keyser, W.) 488 

Protein, required mosquito larva (Golberg, 
Meillon, B.) 379 

Protein, serum, effect digests of, tissue cell growth 
(Fischer, A.) 491 

Protein, serum, estimation famine oedema (Lloyd, B., 

Protein, serum see also Albumin, serum and Globulin, 
serum 

Proteinase, rat skin (Neville-Jones, Peters, A.) 
303 

Proteus morganii, inactivation cozymase 

Prothrombin (Quick), identity (Owren, A.) 136 

Protocatechuic acid, conjugated, urine after p-hydroxy- 
benzylamine (Hartles, Williams, T.) 296 

Protocatechuic acid, from lignins (Bondi, Meyer, 
248 

Protocatechuic acid, arthropods (Hackman, 

Pteroylglutamic acid, deficiency of, induced succinyl- 
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Pteroylglutamic acid, irradiation (Carpenter, 
Kodicek, E.) 

Pyruvate, carbon dioxide fixation (Stern, 616 

Pyruvate, enzymic decarboxylation (Krebs, 
Roughton, W.) 550 


Quinidine, bark Cinchona Ledgeriana (Birch, 
Doughty, R.) 

Quinine, absorption chick (Marshall, Rogers, 
414 

Quinine, bark Cinchona Ledgeriana (Birch, 
Doughty, R.) 

Quinine degradation product, absorption chick (Marshall, 

Quinine degradation product, determination 
(Marshall, Rogers, W.) 414 

p-Quinones, Tribolium spp. (Hackman, H., Pryor, 


Rabbit, ethereal sulphate synthesis (Anderton, 

Rabbit, fate acetotoluidides (Bray, Thorpe, 
W.V.) 

Rabbit, fate catechol (Garton, Williams, T.) 
206 

Rabbit, fate and m-hydroxybenzoic acids and amides 
(Bray, G., Ryman, Thorpe, V.) 561 

Rabbit, fate p-hydroxybenzylamine and related com- 
pounds (Hartles, Williams, T.) 296 

Rabbit, fluorene metabolism (Neish, P.) 533 

Rabbit, immunology phosphorylated proteins (Bours- 
nell, C., Dewey, Wormall, A.) 

Rabbit, lipids brain (Johnson, C., McNabb, 
Rossiter, J.) 573 

Rabbit, lipids peripheral nerve (Johnson, C., McNabb, 

Rabbit, new protein muscle see Tropomyosin 

Rossiter, 

Rabbit, porphyrin formation (Muir, Neuberger, 
A.) 

Radiation, polarized, hydrolysis organic compounds 
(Semmens, 

Rana esculenta see Frog 

Rana temporaria see Frog 

Rat skin, proteolytic enzymes (Neville-Jones, 
Peters, A.) 303 

Davson, H.) 426 

Rats, cancer of, and liver catalase (Weil-Malherbe, 
Schade, R.) 118 

Rats, carbon dioxide fixation tissues 616 

Rats, carotene metabolism (Glover, J., Goodwin, 
Morton, A.) 512 

Rats, faecal lipoids after cholesterol (Cook, P., Polgar, 

Rats, fate creatinine (Maw, A.) 142 

Rats, glucose uptake isolated diaphragm (Ottaway, 

Rats, glutamic acid synthesis tissues (Krebs, A., 
Eggleston, Hems, R.) 406 

Rats, induced pteroylglutamic acid deficiency (Kodicek, 

Rats, metabolism retinene, (Glover, J., Goodwin, 
Morton, A.) 109 

Rats, nutritional hypoproteinaemia E.) 444 

Rats, protein-free diet, nitrogen metabolism (Campbell, 

Rats, water diuresis normal and hypoproteinaemic 
(Dicker, E.) 453 

Rats see also Liver, rat and Mammary gland, rat 
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Rat-tail tendon, thermal contraction (Partridge,S.M.) 387 

Reactions, compensating, and initial evolution oxygen 
catalysts (George, P.) 294 

Reactions, compensating, decomposition hydrogen 
peroxide (George, P.) 287 

Red blood cells see Erythrocytes 

Resistance, electric, gastric and gastro-intestinal mucosae 
(Crane, E., Davies, Longmuir, M.) 
321 

Respiration, immature apples (Hulme, 343 

Respiration, skeletal muscle, effect calcium (Lasnitzski, 

Respiration, sperms and seminal vesicles (Mann, 
Lutwak-Mann, C.) 266 

Respiratory enzymes see Enzymes, respiratory 

frog, enzyme reducing retinene, (Glover, J., 
Goodwin, Morton, A.) 109 

Retinene,, conversion vitamin vivo (Glover, J., 
Goodwin, Morton, A.) 109 

Rhizopertha dominica, phenolic acid (Hackman, H., 

Ribonucleic acid, liver, uracil (Davidson, Ray- 
mond, W.) xxix 

Ribonucleic acid phosphorus chick embryo (Davidson, 

Roseins, from roseum (Freeman, 
Morrison, 


Sakaguchi reaction, apparent arginine plasma proteins 
(Keyser, W.) 488 

Salicylamide see o-Hydroxybenzamide 

Salicylic acid see o-Hydroxybenzoic acid 

Saliva, sheep, composition and output (McDougall, I.) 


Sarmentogenin, structure (Klyne, W.) 

Scopulariopsis brevicaulis, action arsenic compounds 
(Bird, L., Challenger, F., Charlton, Smith, 

Scopulariopsis brevicaulis, action diallyl disulphide 
(Challenger, Greenwood, D.) 

Scouring, effect sulphur keratins (Blackburn, 8.) 114 

Secretion, hydrochloric acid see Hydrochloric acid secretion 

Sedimentation constant, accurate measurement (Cecil, 
Ogston, A.G.) 592 

Sedimentation diagram, measurement components 

Sedimentation diagram, bacterial catalase (Cecil, 
Ogston, 205 

Sedimentation diagram, chymotrypsin (Cecil, R.) 

Sedimentation diagram, erythrocyte catalase (Cecil, 


Sedimentation diagram, tropomyosin (Bailey, 


Seminal vesicles, utilization fructose and glucose (Mann, 

Serum, acid-base balance, effect high blood urea (Nichol- 
son, F.) 478 

Serum, comparison with sheep saliva (McDougall, 

Serum, effect glutamine decarboxylation (Krebs, A.) 

Serum, estimation potassium (Klyne, W.) xxv 

Serum, estimation suramin (Dewey, Wormall, 
A.) 

Serum, injected, effect liver catalase (Weil-Malherbe, 
Schade, R.) 118 

Serum, injected, effect tumour growth rats (Weil- 
Malherbe, Schade, R.) 118 

Serum albumin see Albumin, serum 
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Serum fibrinolysin, purification and activation (Rocha 
Silva, Rimington, C.) 163 

Serum globulin see Globulin, serum 

Serum protein see Protein, serum 

Setaria italica, lignin (Bondi, Meyer, H.) 248 

Setting wool (Cockburn, R., Drucker, Lindley, H.) 
438 

compounds see Thiols 

Shark, school, fats (Oliver, Shorland, B.) 

Sheep, absorption carotene (Goodwin, Gregory, 
A.) 505 

Sheep, carbon dioxide fixation tissues (Stern, R.) 616 

Sheep, effect BAL urinary copper excretion (Stewart, 

Sheep, glutamic acid synthesis tissues (Krebs, A., 
Eggleston, Hems, R.) 406 

Sitophilus granarius, action insecticides (Davies, 
Sexton, A.) 461; (Ainley, Sexton, A.) 
468 

Sitophilus spp., phenolic acid (Hackman, H., 

Skin, rat, proteolytic enzymes (Neville-Jones, Peters, 
A.) 303 

Skins, effect alkali processing collagen (Bowes, 

Sodium phosphocreatine, preparation (Ennor, 
Stocken, A.) 190 

Sodium phosphotungstates, inhibition succinic dehydro- 

Sodium sulphide, action chymotrypsin (Peters, 
Wakelin, W.) 

Soil particles, aggregation bacterial polysaccharides 

Soil particles, aggregation carbohydrates and proteins 

Soils, cacao, copper-retaining powers (Lees, H.) 624 

Sorption DDT and analogues chitin (Lord, 

Spectra, absorption see Absorption spectra 

Spermatozoa, Fucaceae, lipochromes (Carter, W., 
Cross, C., Heilbron, Jones, H.) 349 

Spermatozoa, utilization fructose and glucose (Mann, 
Lutwak-Mann, C.) 266 

Sphingomyelin, normal brain (Johnson, C., McNabb, 

Sphingomyelin, peripheral nerve (Johnson, McNabb, 

Spleen, ox, activity 125 

Staphylococcus aureus, inactivation cozymase 

Starch, potato, amylose and amylopectin of, during growth 
(Halsall, G., Hirst, L., Jones, Sansome, 

Starch, potato, fractionation (Hopkins, Jelinek, B.) 

Steroid sulphates, extraction from mare’s urine (Klyne, W., 
Schacter, Marrian, F.) 231 

Steroids, mare’s pregnancy urine (Klyne, W.) 
(Klyne, W., Schacter, Marrian, F.) 231; (Paterson, 

Sterols, effect development mosquito larva (Golberg, 
Meillon, B.) 372 

Stilboestrol, estimation urine (Malpress, H.) 132 

Stilboestrol, inhibition succinoxidase 
Dickens, F.) 481 

Stilboestrol monoglucuronide, estimation urine (Malpress, 
H.) 132 

Streptococci, haemolytic, production streptokinase and 
haemolysin (Green, 
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Streptococci, inactivation and synthesis cozymase 

Streptococci, metabolism N-acetylglucosamine 
(Rogers, 

Streptococcus faecalis, inactivation cozymase 

Streptokinase see Fibrinolysin 

Stysanus utilization inorganic sulphate 

Succinate, formation from pyruvate (Stern, 616 

acid, manometric determination (Krebs, 
Eggleston, V.) 

Succinic dehydrogenase, inhibition phosphotungstates 

Succinic dehydrogenase-cytochrome system heart muscle 
and kidney (Slater, 

effect SH-combining reagents (Slater, 

Succinoxidase, liver, effect synthetic oestrogens (Case, 
Dickens, F.) 481 

Succinylsulphathiazole, pteroylglutamic acid deficiency 

Sulphaguanidine, effect tyrosine metabolism (Painter, 

p-Sulphaminobenzoic acid, inhibition carbonic anhydrase 
(Krebs, A.) 525 

Sulphates, ethereal, formation hydroxy compounds 

Sulphates, ‘ethereal’, formation moulds (Raistrick, 

Sulphates, inorganic, utilization moulds (Raistrick, 
Vincent, 

Sulphates, steroid, extraction from mare’s urine (Klyne, W., 
Schachter, Marrian, F.) 231 

Sulphathiazoles, effect tyrosine metabolism (Painter, 

Sulphonamides, inhibition carbonic anhydrase (Krebs, 
A.) 525 

Sulphur, keratins, effect scouring 114 

Sulphur, deaminated wool, reaction with alkalis (Cock- 
burn, R., Drucker, B., Lindley, H.) 438 

Sulphur, utilization Penicillium notatum (Hockenhull, 
J.D.) 498 

Sulphur compounds, Allium (Challenger, Greenwood, 

Sulphur compounds organic, insecticidal action (Davies, 

Sulphydryl compounds see Thiols 

Supercontraction wool (Cockburn, R., Drucker, 
Lindley, H.) 438 

Suramin, estimation whole blood and serum (Dewey, 

Swelling curve collagen, effect alkalis (Bowes, 
Kenten, H.) 365 

Symbiosis mutants Penicilliwm notatum (Hockenhull, 
J.D.) 498 

Syncephalastrum cinereum, utilization inorganic sulphate 


Tendon, rat-tail, thermal contraction (Partridge, M.) 
387 

Testes, mice, effect vitamin deficiency (Elson, 
Koller, xxx 

Thiadiazines, reduced, insecticidal action (Davies, 
Sexton, A.) 461 

Thiamin see Vitamin 

Thiocarbamates, insecticidal action (Davies, 
Sexton, A.) 461 

Thiocarbimide derivatives, insecticidal action (Davies, 
Sexton, A.) 461 

Thiochrome method for vitamin B,, modification (Mawson, 


659 


Thiochrome method for vitamin B,, possible cause error 

Thioglycollic acid derivative fuscin 529; 
(Marcus, 532 

2-Thiolbenzoxazole, alkylated derivatives, insecticidal action 
(Davies, Sexton, A.) 461 

2-Thiolbenzthiazole, alkylated derivatives, 
action (Davies, Sexton, A.) 461 

Thiol-combining reagents, effect succinoxidase (Slater, 
E.C.) 

2-Thiolquinoline, alkylated derivatives, insecticidal action 
(Davies, Sexton, A.) 461 

Thiols, action pancreatic proteases (Peters, 
Wakelin, W.) 

Thiosalicylic acid, effect trypsin and chymotrypsin 

Threonine, estimation polymyxins (Short, 

Thyroglobulin, effect vitamin metabolism (Cama, 


insecticidal 


Thyroid, effect vitamin metabolism (Goodwin, W.) 
xliii 
Thyroid, method controlling function (Harington, R.) 


434 

Thyroproteins, hydrolysis products (Pitt-Rivers, R.) 223 

Thyroxine, effect metabolism lactating cows (Owen, 
235, 243 

Thyroxine, formed during oxidation diiodotyrosine and 
its derivatives (Pitt-Rivers, R.) 223 

Thyroxine, preparation sulphur-containing analogue 
(Harington, R.) 434 

Tissue cells see Cells, tissue 

Tissue preparations, measurement cytochrome oxidase 
activity (Slater, 

Tissues, animal, carbon dioxide fixation (Stern, R.) 
616 

Tissues, animal, determination glutamine and glutamic 
acid (Krebs, A.) 

Tissues, animal, glutamic acid synthesis (Krebs, A., 
Eggleston, Hems, R.) 406 

Tissues, animal, micro-estimation (Trim, 
A.R.) 

Tissues, connective, collection administered water in, 
hypoproteinaemic rats (Dicker, E.) 453 

Tissues, homogenated, arginase activity (Folley, 
Greenbaum, L.) 537 

Tissues, nervous, breakdown cozymase system from 

Tissues, nervous, lipids (Johnson, C., McNabb, 
Rossiter, J.) 573, 578, xxii 

Tissues, rat, partition water in, during nutritional 
hypoproteinaemia (Dicker, E.) 444 

Tissues, rat, partition water in, during water diuresis 
(Dicker, E.) 453 

Tissues, ruminants, utilization acetate (Folley, 
French, H.) 

Tissues, subcutaneous, metabolism retinene, (Glover, 
J., Goodwin, Morton, A.) 109 

Titration curve collagen (Bowes, Kenten, H.) 
358 

Titration curve collagen, effect alkalis (Bowes, 
Kenten, 365 

Tobacco leaves, effect fertilizers composition (Holden, 
Tracey, V.) 147 

Tobacco leaves, effect virus infection (Holden, 
Tracey, 151 

Tobacco-mosaic virus see Virus, tobacco-mosaic 

Trace metals see Metals, trace 

Tracers, isotopic, instudying fate injected protein antigens 
(Banks, E., Boursnell, C., Dewey, M., Francis, 
E., Tupper, Wormall, A.) 518 

Tracers, isotopic, studying porphyrin formation (Neu- 
berger, A.) 


is 
9 
n, 
e, 
mn, 
rg, 
SS, 


660 INDEX SUBJECTS 


Triacetin, enzymic hydrolysis (Holton, P.) 

Tribolium confusum, induced tryptophan 
deficiency (Fraenkel, G.) xiv 

Tribolium spp., isolation ethylhydroquinone from extracts 
474 

Tribolium spp., phenolic acids (Hackman, H.. 

see DDT 

Trichoderma lignorum, utilization inorganic sulphate 

roseum, products light petroleum extrac- 
tion (Michael, E.) xxiv 

Trichothecium roseum, roseins from (Freeman, 
Morrison, 

Trifolium spp., lignins (Bondi, Meyer, H.) 248 

1:2:4-Trihydroxybenzene see Hydroxyquinol 

2:4:6-Triiodophenol, from diidotyrosine (Pitt-Rivers, R.) 
223 

Trimethylarsine, formed from arsenic 
moulds (Bird, L., Challenger, F., Charlton, 
Smith, 

Tropomyosin, from rabbit muscle (Bailey, K.) 271 

Tropomyosin, molecular weight (Bailey, K., Gutfreund, 

Tropomyosin, structure (Astbury, T., Reed, 
Spark, 282 

Tropomyosin, X-ray and electron microscope study 
(Astbury, T., Reed, Spark, 282 

Trypsin, effect thiols (Peters, Wakelin, W.) 

Tryptophan, effect bacterial synthesis nicotinamide 

Tryptophan, effect cell growth (Fischer, A.) 491 

Tryptophan, induced deficiency of, spp. 
(Fraenkel, G.) xiv 

o-Tyrosine, decarboxylation (Blaschko, 

Tyrosine, 2:5-dihydroxyphenylalanine intermediate 
metabolism (Neuberger, A.) 599 

Tyrosine, effect pigmentation mosquito larva (Gol- 
berg, Meillon, B.) 379 

L-Tyrosine metabolism, effect scorbutic diet and bacteri- 


Tumour see Cancer 


Ultracentrifuge, Svedberg, means improving accuracy 
(Cecil, Ogston, G.) 592 

Uracil, liver ribonucleic acid (Davidson, Ray- 
mond, W.) xxix 

Urane compounds, structure (Klyne, W.) 611 

Uranediol sulphate, isolation mare’s pregnancy urine 
(Klyne, W.) 611 

Urea, action urease (Krebs, Roughton, W.) 
550 

Urea, blood, effect increased, acid-base balance 
serum (Nicholson, F.) 478 

Urea, blood, estimation diacetyl reaction (Wheatley, 
V.R.) 420 

Urease, decarboxylation urea (Krebs, Roughton, 
F.J.W.) 550 

Urine, creatinine in, after oral dosage (Maw, A.) 142 

423 

Urine, effect thyroxine composition and volume 
cows (Owen, 235, 243 

Urine, estimation synthetic oestrogens (Malpress, H.) 
132 

Urine, ‘extra’ nitrogen in, derived from liver cytoplasm 

Urine, goat, isolation p-ethylphenylsulphuric acid from 
(Grant, K.) 523 


Urine, mare’s pregnancy, extraction steroid sulphates 
(Klyne, W., Schacter, F.) 231 

Urine, mare’s pregnancy, isolation 
20-one sulphate (Paterson, Klyne, W.) 614 

Urine, mare’s pregnancy, isolation 
ol-20-one sulphate (Klyne, W., Schachter, Marrian, 
G.F.) 231 

Urine, mare’s pregnancy, uranediol sulphate (Klyne, W.) 

Thorpe, V.) 211 

Urine, metabolites catechol (Garton, Williams, 
206 

Urine, metabolites fluorene (Neish, P.) 533 

Urine, metabolites hydroxybenzoic acids and amides 
(Bray, G., Ryman, Thorpe, V.) 561 

Urine, metabolites p-hydroxybenzylamine and related 
compounds (Hartles, Williams, T.) 296 

Urine, normal, partition chromatography (Hall, A.) 

Uronic acid, oestriol ‘monoglucuronide’ (Grant, 
Marrian, 

acids, micro-estimation (Tracey, V.) 185 

Uroporphyrin isolation from Corynebacterium diphtheriae 
cultures (Gray, Holt, B.) 191 

liii 


V-factor activity cozymase Hughes, 

Valeric acid isomers, behaviour buffered partition 
column (Moyle, V., Baldwin, Scarisbrick, R.) 308 

Van Slyke-Neill manometric apparatus, pipette for use with 
(Eaton, J.C.) 405 

Vanillic acid, from lignins (Bondi, Meyer, H.) 248 

Vanillin, from lignins (Bondi, Meyer, H.) 248 

Virus, cause multiple myeloma (Dent, Rose, 

Virus, tobacco-mosaic, effect leaf composition (Holden, 

Vitamin administration, storage and metabolism (Glover, 

Vitamin effect thyroid metabolism (Goodwin, W.) 
xliii 

Vitamin formation from carotene gut wall herbivores 
(Goodwin, Gregory, A.) 505 

Vitamin formation from carotene gut wall rats 
(Glover, J., Goodwin, Morton, A.) 512 

Vitamin role thyroglobulin and iodinated casein 

Gregory, A.) 505 

Vitamin A,, esterification vivo (Glover, J., Goodwin, 

Vitamin A,, formation from vivo (Glover, J., 
Goodwin, Morton, A.) 109 

Vitamin A,, formation from retinene, rats (Glover, J., 
Goodwin, Morton, A.) 109 

Vitamin aldehyde see Retinene, 

Vitamin effect deficiency testes mice (Elson, 

Vitamin B,, determination urine (Mawson, 
423 

Vitamin see Ascorbic acid 

Vitellin, fate injected (Banks, E., 
Boursnell, Dewey, M., Francis, E., Tupper, 


Walnut, vitamin tissues (Wokes, Melville, R.) 585 

Warburg manometer see Manometer, Warburg 

Water, absorption and distribution administered, 
normal and hypoproteinaemic rats (Dicker, E.) 453 
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Water, effect protein-deficient diet distribution 
plasma and tissues (Dicker, E.) 444 

Water diuresis, normal and hypoproteinaemic rats 
(Dicker, E.) 453 

Weevil, grain see Sitophilus granarius 

Wool, deaminated, composition and physical properties 
(Cockburn, R., Drucker, Lindley, H.) 438 

Wool, effect scouring sulphur (Blackburn, 114 
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The 267th Meeting the Society was held the Department Biochemistry, University Museum, Oxford, 
Saturday, May 1948, 1.0 p.m., when the following papers were read: 


COMMUNICATIONS 


Hydrolysis Organic Compounds Polarized Radiation. (introduced 


Morton) 


The results some simple experiments are shown 
which demonstrate the importance the orientation 
factor physiological reactions and its relation 
enzyme action. They comprise: 

(1) The effect polarized skylight. The diurnal 
digestion starch the leaf shown, which takes 
place under clear blue evening morning sky. 

(2) Disappearance starch the mesophyll 
the area exposed behind Nicol’s prism. 

(3) Similar hydrolysis shown take place the 
anthocyanin beet-leaf, the anthocyanin hydro- 
lyzing anthocyanidin. 

(4) Disappearance starch the stomata and 
its change reducing substance. Bursting the 
wall the guard cell strong polarized sunlight. 

(5) The polarizing effect suspensions various 
enzymes incident radiation demonstrated, 
giving the Tyndall effect. Hence the hydrolysis 
suspension starch grains beam light, 
polarized diastase outer vessel. 

(6) Hydrolysis starch grains suspension 
very weak diastase increased and accelerated 
polarized radiation and can watched under the 
microscope, but selective effect seen the 
diastase active concentrated. Hence appears 


that both the case the enzyme and the 
polarized radiation, the physical action matter 
orientation—probably the water. 

This further shown hydrolysis the absence 
enzyme polarized infra-red radiation, using 
weak solution NaCl (0-05%) Ringer’s 
solution, supply the place the coenzyme. 

(a) starch grains silica dish, 
exposed infra-red radiation, polarized re- 
flexion from glazed surface, shows transformation 
the grains clusters crystals reducing sub- 
stance. Further irradiation gives globules which 
stain with Sudan and osmic acid. 

Films boiled starch show lighter patch 
with iodine solution the area exposed polarized 
radiation. 

all these cases hydrolysis, water screen must 
used, thereby the efficient wave lengths would 
absorbed. 

Further confirmation these results given 
the use double-image prism. both polarized 
beams, hydrolysis both film and starch grains 
takes place, the effect being absent the crossed 
beam which gives ordinary light. 


Pteroylglutamic Acid Deficiency Induced Rats Succinylsulphathiazole and the Inactivity 
Nutritional Laboratory, University Cambridge, and Medical Research Council) 


have been able consistently reproduce the 
characteristic pteroylglutamic acid (PGA) defi- 
ciency reported occur rats fed for 5-6 weeks 
zole (Daft Sebrell, 1943). The symptoms were loss 
weight, leucopenia and granulocytopenia. the 
animals were kept alive with minimal doses PGA 
for further weeks severe anaemia developed, 
the medial erythrocyte count falling from more than 
less than million blood, with 
anisocytosis, increased mean corpuscular diameter 
and increased mean corpuscular haemoglobin. 
Astudy has been made the response deficient 
animals single doses PGA. response 
was always accompanied increase 


the leucocyte, granulocyte and reticulocyte counts. 
However, the best dose-response relationship was 
found plotting the logarithm the product 
the weight increase and the duration the growth 
response against the logarithm the dose given 
(correlation coefficient 0-88, for oral test doses 
2-100 PGA). PGA given intramuscularly had 
the same activity. 

Other materials have been tested with the follow- 
ing results: Pteroyltriglutamic acid, equi- 
molecular basis, had the same activity PGA. 
Xanthopterine and ‘irradiated’ PGA (Carpenter 
Kodicek, 1948) were found inactive. Marmite 
had activity per gram, the order yg. 
PGA. 
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Two purified anti-pernicious anaemia liver pre- 
parations, supplied Jacobson, were given 
deficient rats per nine tests. response 
either growth blood picture was obtained 
dosages 120 times great the lowest effective 
level PGA. the other hand, tested with 
pernicious anaemia patients, each the liver ex- 
tracts, single dose mg., gave response 
great that given 100 mg. PGA (Jacobson 
Good, 1947). Our results are keeping with the 
findings other workers that liver extracts highly 
potent for pernicious anaemia are inactive the 
PGA-deficient rat (Daft, quoted Stokstad 
Jukes, 1946), chick (O’Dell Hogan, 1943; Clark, 
1945; Stokstad Jukes, 1946) and mealworm 
(Fraenkel, 1948). 


Jacobson Good (1947) report that incubation 
with enzyme preparation from milk increased the 
anti-pernicious anaemia activity PGA. pre- 
liminary trials, using two their enzyme-treated 
samples, found that the response produced 
rats was not greater than that obtained with un- 
treated PGA. Kalckar Klenow (1948) that- 
incubation with similar enzyme preparation does 
not change the activity PGA growth factor for 


The PGA preparations used these experiments 
were ‘Folvite’ and ‘Teropterin’ (Pteroyltriglutamic acid) 
which were kindly supplied Jukes the Lederle 
Laboratories. 
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Polarographic Study Pteroylglutamic Acid and Related Compounds. CARPENTER 
and Kopicex. (Dunn Nutritional Laboratory, University Cambridge and Medical Research 


Council) 


Pteroylglutamic acid (PGA) has been shown 
reducible catalytic hydrogenation dilute alkali 
and the resulting readily re- 
oxidized the parent compound Vanden- 
belt, Bloom Pfiffner, 1947). Xanthopterine has 
also been found reducible dihydroxantho- 
pterine (Koschara, 1937). have found that PGA 
and xanthopterine when electrolyzed the mercury 
dropping cathode produce distinct current-voltage 
curves similar those reported Rickes, Trenner, 
Conn Keresztesy (1947). The behaviour these 
compoundsand PGA and leucopterine 
has been studied different pH. 

PGA (Folvite, Lederle Laboratories), 100 
S.C.E., absence air. reversible oxidation was 
observed the charged mercury interface. When 
tested under the same conditions xanthopterine gave 
wave —1-12 V., and leucopterine 1-63 
ultraviolet light for hr. and then brought 
11-3 with 0-1N-NaOH gave four waves 
and —1-52 Irradiation did not 
alter the current-voltage curve xanthopterine. 

The characteristic waves shifted the positive 


side with increasing acidity. 8-5 both PGA 
whilst ‘irradiated’ PGA had waves 0-66, 
0-79 and weakly acid solutions PGA 
showed two additional reduction waves. 
the original wave had shifted and the 
new waves appeared 1-09 and this 
‘irradiated’ PGA still showed four waves but 

Stokstad, Fordham Grunigen (1947) found 
that irradiation splits the PGA molecule the 
linkage between the pterine moiety and p-amino- 
benzoylglutamic acid, with the liberation 
amino-4-hydroxy-6-aldehydepteridine (Jukes, 1948, 
private communication). Neither glutamic acid nor 
p-aminobenzoic acid alone gave any waves the 
dropping mercury electrode. 

PGA has been shown destroy its 
activity growth factor for bacteria (Mitchell 
Williams, 1944) and for rats (Kodicek Carpenter, 
1948). PGA solutions deteriorate even ordinary 
daylight, and have found that the appearance 
these ‘extra’ reduction waves the polarogram 
11-3 made test whether the 
activity PGA solution has been reduced 
exposure light. 
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Metabolic Product Penicillium islandicum Sopp. 


and Tropical Medicine) 


Penicillium islandicum grows well Czapek-Dox 

glucose solution 24°. The dried dark red 
mycelium was extracted with light petroleum fol- 
lowed chloroform and yielded about its 
weight complex mixture fat-free colouring 
matters. These were roughly fractionated 
thorough extraction their ether chloroform 
solutions with aqueous The nature 
the soluble pigments under in- 


vestigation. 


islandicum product 


Cynodontin 


The Na,CO, insoluble pigment was extracted with 
aqueous recovered acidification, 
dried and crystallized from chloroform. 2-Methyl- 
dried mycelium) was thus obtained dark red 
plates, m.p. 218°, after purification through the 
triacetate (yellow needles, m.p. 208°). 


Its constitution was established follows. has 
the molecular formula contains three 
groups and one (CH;).C group. insoluble 
cold but dissolves readily NaOH. Its 
colour reactions—intense purple-red with red 
fluorescence with H,SO,; deep violet with 
bright yellow-orange with green fluorescence 
glacial acetic acid—are almost indistinguishable 
from those given helminthosporin (structure 
Amixture with helminthosporin (m.p. 


CH, 


Chrysophanic acid 


melted mixture its triacetate with 
helminthosporin (m.p. melted 

oxidation with MnO, and conc. H,SO, yields 
(structure Raistrick, Robinson 
Todd, 1933a; Anslow Raistrick, 1940). Hence 
follows that must have one the structures 


a-2 


III and are excluded since IIT 
helminthosporin (Charles, Raistrick, Robinson 
Todd, 1933; Raistrick al. 19336), and has been 
synthesized and sublimes without melting 
270° (Graves Adams, 1923). must therefore 
either 

reduction with and red glacial 
acetic acid, followed oxidation the resulting 
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anthranol with CrO, acetic acid, chrysophanic 
acid (structure VI, Naylor Gardner, 1931) 
formed. the structures II, and the only 
ones which could give chrysophanic acid (VI) 
removal any one group are and III. 
helminthosporin. Hence follows that the 
islandicum pigment must i.e. 
trihydroxyanthraquinone. 
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The Kinetics Growth Bact. lactis aerogenes the Presence Phenol, Alcohols, Ketones 


was some years ago (Ferguson, 1939) 
that the measured physiological action drug 
determined not only the ‘intrinsic’ action, specific 
for the type molecule concerned, but also 
dependent upon the physical forces governing the 
distribution the drug between the cell and the 
surrounding medium. Thus the toxicities homo- 
logous alcohols increase logarithmically the series 
ascended, not because the molecules higher 
members are intrinsically more toxic but, physico- 
chemical considerations show, because there 
logarithmic increase with chain length the number 
molecules finding access sites action for 
equimolecular concentrations the aqueous phase. 
the other hand, comparison benzyl alcohol 
with its isomer p-cresol indicates that the ‘intrinsic’ 
bacteriocidal action phenol several times 
greater than that alcohol. 


Two strains Bact. lactis aerogenes were used 
our experiments. The effect drugs (including 
alcohols) acting singly the first strain was linear 
reduction rate division basal medium; and 
the second, the effect was primarily the lag 
period. For the former, addition separately 
series normal alcohols culture cells dividing 
reduced rate the presence phenol caused 
decrease. For the second strain, the addition 


ketones and acetates increased growth the 


presence phenol reducing the lag period, which 
the latter had caused, down minimum value, the 
higher concentrations added drug. 

Our results may interpreted the assumption 
that the narcotics are adsorbed upon surface and 
impede the access the intrinsically more toxic 
phenol its site action. 
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The Adsorption Series Para-substituted Straight-chain Phenols from Solution 


HAPPOLD) 


Thick washed suspensions Bact. lactis aerogenes 
were shaken with aqueous solutions straight-chain 
para-substituted phenols and the uptake phenol 
the cells estimated colorimetrically. The variation 
uptake from one member the next the series 
showed parallel with bacteriostatic activity, which 
may, therefore, accounted for the shift 
distribution equilibria the series ascended. 


Calculation shows that the amount (unsubstituted) 
phenol taken per cell less than that the same 
volume solution, suggesting that the phenol 
adsorbed the surface and does not penetrate and 
distribute itself freely throughout the cell. The lag 
medium supplying nitrogen ammonium salt can 
largely eliminated the addition glutamic 


acid and methionine (at 0-008 but not eight 
other amino-acids investigated the same concen- 
tration. If, under these conditions, the phenol in- 
hibits rate-determining reaction the synthesis 
these acids, may inferred that such reaction 
does not take place inside the cell. 

The addition ethyl alcohol, acetone ethyl 
acetate suspensions shaken with p-n-propylphenol 
reduces each case the uptake the phenol the 
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cells. That this effect due surface competition 
rather than alteration the distribution 
phenol between lipoid and aqueous phases sup- 
ported determinations the partition coefficient 
phenol between olive-oil/water the presence 
ethyl alcohol, acetone and ethyl acetate. The first 
two have little effect the coefficient, but the 
presence the acetate actually increases the 
amount phenol taken the oil. 


Identification the Uronic Acid from Oestriol ‘Monoglucuronide’ Glucuronic Acid. 
Grant and Marrian. (Department Biochemistry, University Edinburgh) 


Oestriol ‘monoglucuronide’ was isolated Cohen 
Marrian (1936). Evidence that the substance was 
glucuronide was based carbon and hydrogen 
determinations, and positive Tollen’s naptho- 
resorcinol test. 

The method Lohmar, Dimler, Moore Link 
(1942) involving oxidation the uronic acid 
dicarboxylic acid, which could identified the 
dibenziminazole derivative, appeared method 
establishing the identity the uronic acid with 
certainty. 

Hydrolysis with was employed 
preference acid hydrolysis, since was anticipated 
that the latter might lead destruction the uronic 
acid liberated. Fishman (1939) has shown that 
glucuronidase readily liberates oestriol from its 
while Levvy (1948) has shown 


that its action menthol glucuronide results the 
liberation glucuronic acid. 

Sodium oestriol glucuronidate prepared the 
method Cohen, Marrian Odell (1936), slightly 
modified, was incubated with ox-spleen 
dase (Graham, 1946) 37° and 

The uronic acid fraction, from the products 
hydrolysis, was oxidized with bromine, and the 
product treated with o-phenylenediamine. The di- 
benziminazole was isolated procedure based 
those employed Lohmar al. (1942), and 
Levvy (1948). Identity the iminazole with 
authentic specimen saccharic acid dibenzimin- 
azole was proved shown Table thus 
establishing with certainty that the 
acid from oestriol ‘monoglucuronide’ glucuronic 
acid. 


Table Properties dibenziminazole and derivatives 


From oestriol 


From saccharic 


glucuronidate acid Mixture 
Dibenziminazole* 
Dihydrochloride* 265-266° 
(water) 2-042 (water) 

Dipicrate* Change form 142° 142° 142° 
Melting point 210° 211° 211° 


All melting points are corrected decomposition melting points. 
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Gram-negative vibrio which attacked mono- 
hydroxy-phenols was isolated Happold Key 
(1932) from sewage containing gas works’ liquor. 
Tyrosine was also attacked without melanin forma- 
tion, indicating the absence tyrosinase system 


this vibrio. has been shown (Happold, 1930, 
1940; Evans, 1947) that catechol and o-benzo- 
quinone can detected early oxidation products 
phenol and formate late one, although under 
favourable conditions complete oxidation carbon 


a-3 
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dioxide and water results. Very little information 
was available the mode fission the aromatic 
ring, except that the culture fluid gave definite 
Rothera reaction soon after colour reaction for 
catechol became negative. Solubility relationships 
suggested that the material responsible for the 
Rothera reaction was unstable keto-acid but not 
acetoacetic, was much less readily extracted 
ether from aqueous solution. 

has now been found that culture fluid giving 
Rothera reaction can concentrated vacuo 37° 
and without decomposition the keto-acid. 
Continuous ether extraction acidified concen- 
trate caused decomposition the material re- 
sponsible for the Rothera reaction, but laevulinic 
acid was isolated from the ethereal extract its 
2:4-dinitrophenylhydrazone, suggesting that the 
precursor was acid, and this was even- 
tually isolated extraction acidified concen- 
trate times with ether room temperature and 
removal the ether under reduced pressure. The 
residue was twice recrystallized from ethy] acetate, 


giving acid white needles, m.p. 119- 
120° (d) unchanged when mixed with authentic 
synthetic sample. Both the natural and synthetic 
acids gave identical and very intense violet Rothera 
reactions, detectable 100,000 dilution the 
acid. 

possible scheme for the oxidation phenol is: 


ketoadipate succinate acetate etc. 


This pathway similar that proposed Nelson 
Dawson (1944) for the tyrosinase oxidation 
catechol far the 5-hydroxy-o-benzoquinone 
stage, and then instead this polymerizing 
highly coloured products, suggested that this 
compound undergoes hydrolytic (or phosphoro- 
clastic fission acid, which may then 
split into succinate and acetate analogy with the 
production acetate from acetoacetate Esch. 
observed Lehninger (1942). 
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Studies Formic Hydrogenlyase Escherichia coli. 


Biochemistry, Oxford) 


Washed suspensions Escherichia coli, grown 
peptone-meat extract-glucose broth, showed large 
losses formic hydrogenlyase activity when the 
suspensions were diluted stored (Lascelles, 1948). 
These losses were partly restored addition 
extracts boiled cells, small amounts 
fermentable sugars derivatives, such glucose, 
fructose, mannose and glucose-1-phosphate. Thus, 
fresh suspension with (0-20 min. period) 
378 the same period. After storage 
this suspension for hr. 4°, the 
(0-20 min. period) was 27, and the presence 
was 285. Stimulation glucose was 
obtained even when formate was added the 
suspension after the glucose had been completely 
fermented. 

The glucose appeared eliminate the initial lag 
period which was always observed the course 
hydrogen evolution from formate. 

Formic hydrogenlyase activity these sus- 
pensions was greatly decreased incubation 


Happold, Key, (1932). Camb., 32, 573. 

Lehninger, (1942). biol. Chem. 143, 147. 

logy, 99. 


oxygen for min., for longer periods, air. 
Some this lost activity was restored addition 

Preliminary anaerobic incubation cells with 
resulted greatly increased formic 
hydrogenlyase activity the cells after they had 
been washed free glucose. This activity was not 
further increased the addition 
Incubation under the same conditions with 
formate did not enhance the formic hydrogenlyase 
activity. 

The sensitivity formic hydrogenlyase most 
the usual inhibitors (Stephenson, 1937) suggests 
that very complex system. Iron has already 
been implicated the formation this system 
Aerobacter indologenes (Waring Werkman, 1944). 
The involvement diffusible, heat-stable factors, 
indicated the large losses activity observed 
when suspensions were washed large volumes 
phosphate buffer. Activity was largely restored 
the addition extracts boiled cells. 
glucose alone was ineffective under these conditions. 
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Activity the system borate buffers was very Formic hydrogenlyase activity suspensions 
much less than phosphate buffers thesame pH. coli appeared conditioned the type 
Addition phosphate borate buffersincreasedthe peptone used the growth medium, and the 


activity. 


strain organism. 
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Metabolism Aryl Sulphides. Conversion p-Methylthioaniline 
aniline the Mouse. and (Research Laboratories, Imperial Chemical 


Industries Lid., Manchester 


During routine examination the blood levels 
attained number aniline derivatives mice, 
was observed that administration 
thioaniline (MTA) led the appearance the blood 
aromatic amine that, after diazotization, 
coupled with give 


MTA MSA 


orange azo-dye, whereas the parent compound 
coupled slowly give purple dye when similarly 
treated. Preliminary tests showed that p-methyl- 
sulphonylaniline (MSA) behaved like the metabolite, 
and its acetyl derivative was ultimately isolated 
from the urine mice receiving MTA. 

Using the analytical methods described Part 
this new metabolic process has been studied quan- 
Oral administration 250mg. 
MTA/kg. gave maximal blood concen- 
trations mg. MSA and mg. MTA/100 ml. 
The conversion was extremely rapid, and min. 
after dosing the concentration MSA was already 
four times that MTA. Similar results were 


obtained after intraperitoneal administration, show- 
ing that the oxidation occurs mouse tissue and 
not bacterial action the gut. oral dose 
250 mg. MTA/kg. about was excreted 
the urine free MTA, free MSA and 
acetylated MSA. method available for 
determining conjugated MTA. The formation the 
sulphone rat and rabbit has been demonstrated 
similar quantitative experiments, although 
isolation was attempted. 

analogous oxidation mustard gas has been 
postulated (Flury Wieland, 1921) but not con- 
firmed, and has indeed been rejected some 
workers physicochemical grounds (Sugden, 
quoted Banks, Boursnell, Francis, Hopwood 
1946). However, sulphoxide and sul- 
phone have been isolated from biological sources 
(Reichstein, 1936; Reichstein Goldschmidt, 1936; 
Ruzicka, Goldberg Meister, 1940; Pfiffner, 1940) 
and the existence sulphide-sulphoxide oxidases 
has been presumed (Medes Floyd, 1942). have 
not studied the sulphoxide corresponding MTA, 
metabolite. 
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Metabolism Aryl Sulphides. II. Simultaneous Determination p-Methylthioaniline and 


p-Methylsulphonylaniline Biological Material. 
Imperial Chemical Industries Manchester 


Two methods determining MTA and MSA 
mixtures have been devised. The first, which could 
not applied biological material, based the 
slow coupling diazotized MTA with 
ethyl-m-toluidine (SET). aqueous solution this 


coupling can completely prevented concen- 
tration acid which permits full coupling diazo- 
tized MSA. This allows determination MSA alone. 
(MSA+MTA) are determined reaction with 
dimethylaminobenzaldehyde under the conditions 


M- 
ns. 


Morris (1941), when two anils absorption 
spectra are readily formed. The concentration 
MTA then derived difference, using factor 
correct for the unequal colour intensities the anils. 
the presence biological material the coupling 
diazotized MTA with SET could not 
completely prevented, but the method the 
available for aqueous solutions the two 
amines. 

The second method utilizes the rapid coupling 
both diazonium salts with naphtholsulphonic acids, 
the presence sodium carbonate, give differ- 
ently coloured dyes. Satisfactory colour difference 
and intensity were attained using p-carboxy- 
phenyl-J-acid (CPJ). MSA and MTA are deter- 
mined fully coupling both compounds with CPJ 
give orange and bluish red dye respectively. 
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The optical densities the mixed dye solution are 
then read 450 and 540 against two standards 
from pure MSA and pure MTA. the 
optical density the MSA dye higher than 
540 the reverse holds for MTA, that the 
concentrations both can derived solving 
simple simultaneous equations. 

Difficulties were encountered when applying the 
method biological material, due the instability 
diazotized MTA, the poor recovery MTA from 
blood compared the full recovery MSA, and 
marked effect blood and urine constituents 
the colour the dye from MTA. These difficulties 
were solved using short diazotization times, 
adding blood the standards, and extracting the 
compounds from urine with chloroform before deter- 
mination. 


REFERENCE 


(Research Division, Glaxo Laboratories Greenford, Middlesex) 


liver has been concentrated the methods 
described Emery Parker (1946). Alternatively, 
proteolyzed liver extract made production scale 
has been readsorbed chromatographically char- 
coal and eluted with hot 65% ethanol. Material 
from either source has been further purified 


partition chromatography dampsilica, 


being n-butanol two thirds saturated with water 
either alone mixed with phenol. Alternatively 
containing 10-20% water gave 
despite the complete miscibility 
these solvents with water. The columns usually 
revealed fast-running yellow pigments, and brown 
pigments held fast near the top, with pink zone 
between. Numerous clinical trials showed that this 
contained substantially all the activity. The red 
material could further fractionated from coloured 
and colourless impurities repetition partition 
chromatography and fractional precipitation 
with ammonium sulphate (between one third and 
two thirds saturation). Some batches silica adsorb 
the pigment slightly, permitting additional purifi- 
cation adsorption chromatography from aqueous 
solution, better from one tenth one half 
saturated ammonium sulphate, which greatly 
sharpened the band. 

Adsorption chromatography alumina from 
aqueous solution (Boots Pure Drug Co., Short 
King, 1947) was useful early stage remove 


dark pigments. For the partition chromatography, 
starch could used instead silica avoid the 
complicating effect adsorption. 


columns, red pigments from both proteolyzed 


non-proteolyzed liver separated into two pink bands 
with values averaging 0-5 and 1-2 respectively. 
Non-proteolyzed liver yielded mainly the slow- 
moving pigment; the fast-moving one, which was 
also clinically active, thought arise from slight 
autolysis the liver, because direct papain treat- 
ment the liver yielded mainly this pigment. 
Repeated chromatography effected little 
further concentration the colour beyond the stage 
where optimal clinical response (Emery 
Hurran, 1945) given about 0-3 mg. Some 
chemical and physical properties such material 
have recently been described (Lester Smith, 1948). 
Following treatment with trypsin, however, 
chromatography silica charcoal gave further 
dramatic concentration. The 
crystallized from aqueous acetone red needles. 
The crystalline product had times the colour 
intensity batch active 0-3 mg., giving 

appears probable that our substance the 
same that recently described Rickes, Brink, 
Koniuszy, Wood Folkers (1948) with the sugges- 
tion that given the name vitamin 


British Patent no. 590,956. 


Proc. iv. 
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Sulphur Compounds Allium. Detection n-Propylthiol Onion. The Fission and 
Methylation Diallyl Disulphide Cultures Scopulariopsis brevicaulis. CHALLENGER 
and Organic Chemistry, The University, Leeds) 


the course study the volatile ingredients 
onions stream sterile air was passed over freshly 
peeled and chopped onions and then through 
(a) aniline, (b) (c) aqueous mercuric 
cyanide and (d) aqueous mercuric chloride 
remove isothiocyanates, aniline vapour, thiols and 
sulphides and disulphides respectively. 

three separate experiments with the onions 
solid formed the mercuric cyanide after hr. and 
increased further after 2-3 days. had m.p. 
and after one crystallization from alcohol, 
m.p. admixture with authentic mercury 
m.p. 67°, the 
m.p. was 67—68°. The other two experiments gave 
similar results. (Found: 20-8; for 
20-5; 4-0. The derivative 
diallylthiol, moreover, melts 74°, and the mixed 
melting point with the recrystallized deposit from 
the mercuric cyanide was The volatile pro- 
duct therefore n-propylthiol. Conversion the 
mercury derivative the corresponding lead and 
silver compounds and comparison (melting point 
and/or mixed melting point) with authentic 
specimens confirmed this conclusion. 

The solid which formed the mercuric chloride 
during the passage air over the onions was much 
less than that the cyanide, indicating the absence 
appreciable quantities readily volatile sul- 
phides disulphides or, alternatively, that any such 
compounds present react only slowly with mercuric 
chloride. (The boiling point n-propylthiol, 
propyl sulphide, di-n-propyl disulphide, allyl sul- 
phide and diallyl disulphide are 67°, 


142-5°, 192-5°, and 79° mm. respec- 
tively.) 

(1892) found allyl sulphide oil 
onions, but concluded that the main constituent was 
probably propyl allyl disulphide. Challenger 
Rawlings (1937) showed that, cultures Scopu- 
lariopsis brevicaulis, disulphide yields 
n-propylthiol and n-propyl methyl sulphide. far 
the authors are aware other biological forma- 
tion occurrence has been re- 
corded, nor has thiol previously been detected 
the onion, though Semmler (1887) detected traces 

Semmler (1892) states that diallyl disulphide 
plant constituent under other biological conditions 
might furnish useful analogies, diallyl disulphide 
sterile aqueous suspension was added bread 
cultures Scopulariopsis brevicaulis under the con- 
ditions employed one with Rawlings (1937) 
and Blackburn (1938). Volatile products were 
aspirated through (a) aqueous mercuric cyanide 
and (6) aqueous platinic chloride. Mercury diallyl- 
thiol m.p. and mixed m.p. 74°, with 
authentic specimen the same melting point 
separated the cyanide. The identity was checked 
conversion the lead and silver derivatives and 
comparison before. The platinic chloride com- 
m.p. (after crystallization) and mixed m.p. 150° with 
authentic specimen thesame melting point, was 
obtained from the platinic chloride absorption tube. 
(Found: Pt, 38-0. requires Pt, 38-0 
second experiment confirmed these results. 
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The Faecal Lipoids Rats Fed High Cholesterol Diet. Coox, and 


Laboratory, Oxford) 


Rats placed metabolism cages were fed syn- 
thetic diets containing various fats alone and with 
the addition cholesterol. The faecal lipoids 
were separated into unsaponifiable matter (U.M.) and 
acids. The results obtained are shown Table 


(Department Biochemistry, University College, Dundee, and Dyson Perrins 


There increase the excretion acids 
the cholesterol-containing diets (Cook, 1938). This 
increase approximately equal amount the 
cholesterol unaccounted for balance the sterol 
made. 
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For separating the faecal acids scheme was 
employed which was developed connexion with 
another investigation (Polgar, 1948) and depends 


was isolated converting its hydrogen succinate 
into the acetol ester and then into the semi- 
carbazone. 


Table 
Added Faecal 
chole- lipoids U.M Acids 
Dietary fat sterol 
Butter fat 5-9 1-9 
22-7 30-9 7-7 
Olive oil 12-6 
44-0 29-1 
Cooking fat 6-7 3-0 
24-6 16-6 


Table Sterol (as balance with animals butter fat diet 


U.M. 

livers faeces 
Cholesterol fed 0-40 20-4 
Controls 0-08 
Difference 0-32 18-5 


upon the crystallization derivatives obtainable 
converting the acids into acetol 
R.CO,CH,CO.CH;, and treating the latter with 
reagent for ketones. From the unsaponifiable 
material the sterols were separated crystallization 
the 3:5-dinitrobenzoates; one the components 


Dietary 
chole- 
Total sterol Faecal 
(g.) B-A acids 
20-8 22-7 
2-0 
18-8 22-7 3-9 3-9 


The faecal acids contain, addition the 
common fatty acids, dextrorotatory acid high 
molecular weight. The latter found only the 
faeces the cholesterol-fed animals, irrespective 
the dietary fat fed, thus indicating its probable 
metabolic relationship cholesterol. 
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Study the Peptides Cystine Partial Acid Hydrolysates Wool. and 
(Wool Industries Research Association, Headingley, Leeds 


Because easy oxidation sulphonic 
cystine and peptides cystine are readily adaptable 
tion ionophoresis. Oxidation was therefore em- 
ployed one the stages this investigation, 
which was carried out according the following 
general scheme. partial hydrolyzate wool, pre- 
pared treatment with for days 37°, 
was fractionated chromatogram Amberlite 
IR-4 (Consden, Gordon Martin, 1948) remove 
acidic amino-acids and peptides. The solution was 
then oxidized with Br, water and retreated with 
Amberlite remove neutral and basic constituents. 
The mixture cysteic acid and peptides cysteic 
acid thus obtained was next subjected iono- 
phoresis (Consden al. 1946), which gave eight 
fractions moving towards the anode. Each 
fraction was then worked for analysis paper 
chromatograms described Consden al. 
(1947). 


The fastest moving fractions, and contained 
small amounts di- tripeptides cysteic acid 
with one two residues dicarboxylic amino- 
acid. Fraction consisted free cysteic acid. 
Fraction contained dipeptides, which cysteicyl- 
glycine and cysteicylalanine 
were identified. Fraction contained glycyleysteic 
acid, serylcysteic acid, alanylcysteic acid, 
cysteic acid, cysteicylvaline, cysteicylleucine and 
probably cysteicylthreonine relatively small 
amount. Results for fractions and were more 
difficult interpret owing the large number 
amino-acids obtained after hydrolysis some the 
peptide spots extracted from the paper chromato- 
grams. However, leucyleysteic acid and phenyl- 
alanyleysteic acid were identified fraction 
which also appeared contain tripeptides, which 
one, consisting cysteic acid linked with proline 
and valine unidentified residue order, was pro- 
bably present. Fraction probably consisted 
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tri- and higher polypeptides cysteic acid and was 
rich peptides containing proline and the higher 
monoamino-monocarboxylic acids. The slowest 
moving fraction probably contained polypeptides 
consisting many amino-acid residues, since hydro- 
lysis some the spots extracted from paper 
chromatograms gave lysine and arginine addition 


neutral and acidic amino-acids. This fraction con- 
tained dibromotyrosine (probably free) and was also 
rich peptides containing proline residues. 

Dipeptides cysteic acid are being synthesized 
order compare their ionophoretic and chromato- 
graphic behaviour with those found the oxidized 
wool hydrolysate. 
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The Oxidation L-Ornithine the Presence Belladonna Polyphenolase. 
and Medicinal Plants Scheme) 


polyphenolase that insoluble after precipitation 
with acetone has been extracted from the leaves and 
roots Atropa belladonna. may washed until 
free from polyphenols and secondary substrates such 
amino-acids without approciable loss activity. 
Suspended buffers rapidly oxidizes catechol 
with the uptake two atoms oxygen for each 
molecule catechol oxidized. 

Following Nelson Dawson (1944), presumed 
that the oxidation product p-hydroxy-o-quinone. 
standing, brown pigments are formed that are 
incapable reduction catechol. The addition 
any time before the catechol has 
been fully converted pigments gives rise 
strong red coloration. With molecular ratio amino- 
acid/catechol= the colour reaches almost maxi- 
mum intensity and there oxidation amino- 
acid. The usé substituted catechols shows that 
colour compound possible the two para 
positions are blocked (e.g. aesculetin) and the 
Ornithine enters into this reaction well long 
list other amino-acids investigated. Secondary 
amines form tertiary nitrogen compounds similar 
structure and purple colour. was found earlier 
with glycine, the first molecule L-ornithine not 
oxidized but remains condensed the colour com- 


pound which has about the same degree stability 
the glycine colour compound. Further con- 
densation brown pigments very much slower 
than the absence amino-acid. 

Any excess glycine over the 1/1 ratio with 
catechol leads least partial oxidation the 
excess amino-acid. Other amino-acids tried are 
oxidized much less actively, not all. 
thine exceptional and oxidized about one 
third the rate glycine, and approximately mol. 
ammonia released for each additional atom 
oxygen consumed. The oxidation product has been 
identified «-keto-5-amino-valerianic acid. 
Lysine also oxidized. 

Acetylation the «-amino group L-ornithine, 
acid substitution, L-arginine L-citrulline, 
greatly reduces the oxidation. spite the high 
degree specificity, the oxidation non-enzymatic 
and catalyzed the colour compound pure 
solution. appears result from the additional 
molecular instability caused the introduction 
adjacent the active groups 
common all amino-acids. 

L-Proline behaves secondary amine this 
system. forms strong purple colour but not 
oxidized. 
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Sarmentogenin and digoxigenin are isomeric digi- 
taloid aglycones, which oxidation with 
CrO, give isomeric diketones sarmentogenone and 
digoxigenone, each possessing one inert keto-group. 
Digoxigenone known (Steiger Reichstein, 1938; 


(Biochemistry Department, 


Mason Hoehn, 1939) the work Tschesche 
Bohle (1936) suggested that sarmentogenone 
might the corresponding 3:11-diketone. Katz 
Reichstein (1944) compared the molecular rotations 
the two genones with those known 11- and 
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12-keto compounds. The difference between themole- 
cular rotations the two genones 413°) much 
greater than the differences for pairs known com- 


pounds (C,, ketone minus C,, ketone= 
+212°) and the structure sarmentogenin was 
therefore considered uncertain. 


parisons may, however, made using the rotation 
differences between deoxotetrahydroanhydrosar- 
mentogenone (II?) and its derivatives (which are 


14-n, and carry butanolide ring C,,; Tschesche 
Bohle, 1936), and those for transformations C,, 
bile acid esters known structure (see table). 


Molecular rotation differences 


Deoxotetrahydro- 
Bile acid esters anhydrosarmento- 
(transformations genone and 
Structural differences derivatives 
minus CH, +58° +90° 
C:0 minus CHOH +32° 
CHOH minus CH, +61° +115° +60° 


This comparison appears invalid, since (a) the 
genones are 14-iso-compounds while the ‘known’ 
compounds are 14-n, and (6) the butenolide ring 
the genones C,, might exert ‘vicinal action’ 
C,, and C,, (ef. Barton Cox, 1947). Valid com- 


These comparisons, when taken conjunction 
with the inert character one keto-group sar- 
mentogenone, support the hypothesis that sarmen- 
togenin and its derivatives carry oxygen atom 
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The Administration, Storage and Metabolism Vitamin GLOVER and 
(Department Biochemistry, University Liverpool) 


The blood level the functional vitamin can 
raised administering large doses vitamin 
concentrate (Glover, Goodwin Morton, 1947) but 
the method wasteful, since the liver vitamin 
reserves built that way are lost fairly rapidly 
(Davies Moore, 1935). When carotene adminis- 
tered over period the resulting vitamin store 
persists much longer (Dann Moore, 1931). the 
first experiment large amount the vitamin 
absorbed short space time, whereas the 


second the vitamin, formed from the provitamin 
the intestine (Glover al. 1948), absorbed small 
amounts slowly over longer period. 

Now, using fluorescence microscopy technique, 
Popper Greeenberg (1941) have observed two 
distinct types fluorescence attributable vitamin 
liver. If, suggested Glover al. (1947), the 
diffuse type over the cytoplasm 
the true storage cells due diffusible alcohol 
complex, then his results mean that only those cells 


he 
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contain the free vitamin equilibrium with ester 
whereas the Kupffer cells contain merely the ester 
form. 

Recent evidence Glover al. (1947) shows that 
the concentration the vitamin dose adminis- 
tered the rat increased, the ratio ester/alcohol 
form liver tends rise from 80/20 (undosed rats) 
95/5 (rats the highest dose level). This 
apparent change equilibrium the reaction 
vitamin ester vitamin alcohol fatty acid can 
satisfactorily explained the assumption that 
there are two distinct sites storage the liver, one 
which does not contain lipase. The Kupffer cells 
could form this lipase-free store, and, fact, 
histological method, Gomori (1946) has shown the 
absence lipase from these cells. 

The above observations can reconciled 
follows: the dosage vitamin rises, i.e. the 
rate entry vitamin into the blood stream 
increases, the amount finding its way into the K-cells 
increases. Hence, appears that during the 
absorption vitamin (or fat) from the blood into 
the liver two processes are operating simultaneously 


xiii 
(i) hydrolysis incoming ester serum esterase 
lipase which releases free vitamin form com- 
plex capable diffusion into the liver storage cells, 
and (ii) phagocytic action K-cells the chylo- 
microns trapped the liver sinusoids the blood 
flows through them. Vitamin stored the K-cells 
does not contribute the level functional vitamin 
the blood. Indeed, the evidence depletion 
experiments suggests that destroyed there. 

This explanation has wide implications: 

(i) There optimum rate ingestion 
vitamin such that the bulk absorbed material 
should find its way into the true storage cells where 
will form more lasting reserve and can supply the 
functional vitamin the blood. 

(ii) Carotene, spite variable absorption, may 
more effective than vitamin concentrates, 
inasmuch newly formed vitamin from the 
intestine may trickle into the blood stream rate 
matching the capacity for its entry into true liver 
cells. 

(iii) Itis better administer vitamin series 
small doses rather than one large single dose. 
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The Enzymic Hydrolysis Triacetin (Glyceryl Triacetate). (introduced 
(Department Pharmacology, Oxford) 


Three different preparations cholinesterases have 
been found hydrolyze triacetin: cobra venom 
(Bovet Bovet, 1943; Bovet-Nitti, 1947), the 
caudate nucleus the dog’s brain (Bodansky, 1946) 
and horse serum. 

The rate hydrolysis benzoyl choline and 
triacetin horse serum were additive when both 
substrates were added simultaneously. 683 
(Gunter Hawkins, 1946) inhibited the cholin- 
esterase but had effect triacetin hydrolysis 
horse serum. These results suggest that triacetin 
esterase not identical with pseudocholinesterase 
this was confirmed the inability highly 


purified preparation pseudo-cholinesterase 
hydrolyze triacetin. 

Competition for both cobra venom and dog brain 
occurs when triacetin and acetylcholine are added 
together the enzyme preparations. both pre- 
parations selective inhibitors cholinesterase also 
inhibit triacetin hydrolysis. All these experiments 
are compatible with the interpretation that when 
triacetin hydrolyzed the tissue the caudate 
nucleus cobra venom, the hydrolysis effected 
the cholinesterase present. 


The purified preparation pseudocholinesterase was 
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The Effects Relative Deficiency Lysine and Tryptophan the Diet Insect, Tribolium 
confusum. (Department Zoology and Applied Entomology, Imperial College, 


London, S.W. 


has recently been shown (Krehl, Sarma 
Elvehjem, 1946) work with rats that diets con- 
taining low, but still adequate amount casein 
can made inefficient the addition protein 
low tryptophan content, and that such induced 
deficiencies are remedied the addition trypto- 
phan nicotinic acid. have obtained results 
similar kind work with the flour beetle, 
confusum. With zein the sole source protein 
growth ensues. This deficiency rectified only 
the addition both lysine and tryptophan. diet 
with casein becomes inferior the addition 
20% zein. This casein-zein diet somewhat im- 
proved the addition lysine but not trypto- 
phan, while with the addition both amino-acids 
the diet becomes superior the casein diet. 

similar relationship shown gliadin, 
itself very inferior source protein, which also 


greatly improved the addition lysine, but not 


diet again much inferior casein diet and 


improved the addition lysine, but not 
tryptophan. 

These phenomena induced tryptophan and 
lysine deficiencies occur the presence relatively 
large amounts nicotinic acid and there 
indication interchangeable effect tryptophan 
and nicotinic acid. The effects recorded these tests 
with Tribolium should therefore interpreted 
rather terms impaired balance essential 
amino-acids the diet than terms differential 
utilization amino-acid respect which 
diet marginal, which, according Krehl, 
Huerga Elvehjem (1946), the basis for the 
explanation the tryptophan-nicotinic acid re- 
lationship the rat. 
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The Rate Enzymic Hydrolysis Phosphoric Esters Prostatic Phosphatase. 


DELORY 


Studies the rate enzymic hydrolysis series 
phosphoric esters the alkaline phosphatase dog 
faeces (King Delory, 1939; Delory King, 1943) 
showed that the rate hydrolysis increases with 
increasing acidity (decreasing pK) the substrate 
and that the enzyme optimally active more 
alkaline pH. 

The acid phosphatase human seminal fluid 
has now been studied similar manner. The 
following esters order increasing were 
employed: 


o-bromophenyl, phenyl, 


phosphate. general the rate hydrolysis in- 
creases with increasing acidity the ester and the 
enzyme optimally active more acid pH, 
although the figures obtained depend 
particular enzyme preparation used. 

The effect varying the substrate concentration 
was also investigated. Although the rate hydro- 
lysis dependent upon the substrate concentration, 
the Michaelis-Menten equation closely followed. 
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The Specificity the Human Erythrocyte Cholinesterase. Apams and WHITTAKER. 


(Department Biochemistry, Oxford) 


Following the work Alles Hawes (1940), Mendel 
Rudney (1943) suggested the division cholin- 
esterases into ‘true’ and ‘pseudo’ types. True 
cholinesterases (from brain and erythrocytes) were 
stated active only against acetylcholine and 
closely related substances, while the pseudo enzymes 


(e.g. from horse serum) are capable hydrolyzing 
both choline and non-choline esters. Nachmansohn 
Rothenberg (1945) also concluded that cholin- 
esterases may divided into ‘specific’ and ‘non- 
specific’ types. However, far non-choline esters 
are concerned, these conclusions appear have been 


ER. 
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based almost exclusively the failure brain and 
erythrocyte cholinesterases hydrolyze tributyrin 
and methyl butyrate. 

Starting from the observation Bodansky (1946), 
that brain, and purified (Mendel Rudney, 1943) 
erythrocyte preparations, nevertheless rapidly 
hydrolyzed triacetin, have examined the activity 
similarly purified human erythrocyte 
tions.against number simple esters, and found 
that many are hydrolyzed, although general not 
very high rates. Summation experiments have 
shown that all probability the preparations con- 
tained only single enzyme. 

The results suggest that the specificity the 
erythrocyte cholinesterase influenced least 
two factors: 

(1) The acyl group. Acetates are hydrolyzed 
more rapidly than the corresponding propionates 
formates, while esters containing butyrylradicals are 
hardly attacked, all. 

(2) The group. Considering acetates, 
lengthening the alcohol chain four atoms (n- 
butyl) incréases the rate splitting, while further 
increase chain length (n-amyl, n-hexyl) leads 
reduction. Extra atoms accommodated 


xV 


branches which are some distance away from the 
ester link 2-ethylbutyl) considerably in- 
crease the rate hydrolysis. Branching close 
the ester link appears reduce the rate. Signifi- 
cantly acetylcholine contains ‘spine’ 
with branches. Mono- and triacetin appear 
special cases. 

Published data upon the specificity range the 
human-plasma cholinesterase suggests that con- 
trast the erythrocyte enzyme, the plasma enzyme 
accommodates preferentially the larger acyl groups 
such butyryl and propionyl. Acetyl and benzoyl 
derivatives are attacked, but not readily. 
The effects chain branching appear differ 
the two systems, since stated (Alles Hawes, 
1940) that while human plasma hydrolyzes acetyl- 
but 
line, human erythrocytes are capable hy- 
drolyzing both. tentative 
advanced explain such differences substrate 
specificity. 

would thus appear inappropriate continue 
refer the human erythrocyte enzyme ‘specific’ 
cholinesterase. hoped continue this work 
the examination brain preparations. 


REFERENCES 


Alles, Hawes, (1940). biol. Chem. 133, 
375. 
Bodansky, (1946). Ann. N.Y. Acad. Sci. 47, 521. 


Mendel, Rudney, (1943). Biochem. 37, 59. 
Chem. 158, 653. 


The Effect Sulphydryl-combining Reagents the Activity the Succinic Oxidase System. 


The action sulphydryl-combining reagents the 
enzyme system catalyzing the oxidation succinate 
has been widely studied. generally believed 
that these reagents react with essential —SH 
group groups the succinic dehydrogenase pro- 
tein. Hopkins Morgan (1938) and Barron 
Singer (1945) found that the inhibition could 
readily reversed simple thiols; other authors 
(Potter Dubois, 1943; Ames Elvehjem, 
1944) have, however, failed obtain this re- 
activation. 

order obtain the reactivation necessary 
work under anaerobic conditions, since, the 
presence air, thiols inactivate the succinic oxidase 
system destroying factor linking the succinic 
dehydrogenase with the cytochrome oxidase (Slater, 
1948). 

p-Aminophenylarsenoxide affects only the suc- 
cinic dehydrogenase portion the system, and the 
inhibition either the complete system the 


succinic dehydrogenase portion readily reversed 
small concentrations 2:3-dimercaptopropanol 
(BAL) and partially higher concentrations 
glutathione. Oxidizing agents (oxidized glutathione, 
cupric salts), the other hand, 
affected some other portion the system addition 
the dehydrogenase, and the inhibition 
the complete succinic oxidase system was less readily 
reversed than that the succinic dehydrogenase. 
possible that this other portion the factor 
mentioned above. p-Chloromercuribenzoate also 
inhibited the complete succinic oxidase system more 
than the succinic dehydrogenase. also had some 
effect the cytochrome oxidase. believed that 
this mercurial, addition combining with the 
—SH group dehydrogenase, has general 
effect proteins and affects the particles the 
enzyme preparation (heart muscle preparation 
Keilin Hartree, 1947) such way affect the 
accessibility the succinic dehydrogenase the 
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cytochrome oxidase. Inhibition the mercurial 
was readily reversed cyanide, glutathione and 
denatured globin but not BAL. 

The mercurial differed from the other sulphydryl 
reagents used two other respects, viz. (1) sub- 
stances present the heart muscle preparation 
which completely protected the succinic oxidase 
system from small amounts the arsenical 
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oxidizing agents gave protection from the mer- 
curial and (2) the rate inactivation was much 
greater the case the mercurial. All these differ- 
ences are probably related the fact that arsenicals 
and oxidizing agents react with two —SH groups 
(either the same succinic dehydrogenase molecule 
different molecules), while the mercurial reacts 
with only one —SH group. 
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Further Observations the Effect Cetyl Trimethyl Ammonium Bromide the Bacterial 


Decarboxylation Glutamate and Glutamine. 


Unit for Cell Metabolism, Department Biochemistry, The University, Sheffield 10) 


has previously been reported (Krebs, 1948) that 
the decarboxylation glutamic acid and glut- 
amine washed suspensions Clostridium 
accelerated trimethyl ammonium bromide 
(‘cetavlon’). was thought that this acceleration 
might due change the permeability the 
cell wall allowing more rapid entry the substrate 
into the cell, and this were the case, the detergent 
should have effect cell-free extracts. test 
this, extracts were prepared grinding the centri- 
fuged cells with powdered pyrex glass 
Roper Hughes, 1948) and adding vol. 
acetate buffer, 4-6. The supernatant obtained 
centrifuging contained from 60% the de- 
carboxylase activity and from 50% the 
glutaminase activity the washed cells and showed 
appreciable loss activity within days when 
stored 0°. The effect cetavlon these extracts 
was found the same order the intact cells 
shown the following table. 


Effect cetavlon the rate decarboxylation Clostridium welchii; 40°; 


Substance added 
Glutamate 


Glutamate cetavlon 


Glutamine 


Glutamine cetavlon 


follows that the effect cetavlon cannot 
explained changes permeability. Deter- 
mination the rate NH, formation from glut- 
amine showed that both glutaminase and glutamate 
decarboxylase were accelerated cetavlon. 

The apparent Michaelis constant the extract for 
the decarboxylation glutamate was found 


the presence cetavlon (pH would thus 
appear that the affinity the enzyme for the sub- 
strate increased the detergent. 

comparison the rates decarboxylation 
different concentrations cetavlon showed that the 
effect was maximal concentration which the 
detergent changed orange from orange 
yellow colour. This colour change which not due 
micelle formation (Hartley, 1934; Corrin Harkins, 
1947). Effects similar those cetavlon were 
observed with homologous alkyl trimethylamine 
bromides and with other cationic 
detergents, and every case maximum effect 
the decarboxylase occurred when the concentration 
was sufficient change the colour orange. 
The observations suggest that the effect cetavlon 
connected with the formation micelles the 
detergents. 


Intact cells Extract 
270 224 
535 405 
114 
270 290 


The glutamic decarboxylase and from 
Proteus and Escherichia coli behaved simi- 
larly, but the decarboxylase from carrot and squash 
(Schales, Mims Schales, 1946) was not affected 
neither were the decarboxylases for argin- 
ine (Esch. coli), lysine (Esch. coli), tyrosine (Strepto- 
coccus faecalis) and ornithine 


PROCEEDINGS THE BIOCHEMICAL SOCIETY 


REFERENCES 


Corrin, Harkins, (1947). Amer. chem. Soc. 
69, 679. 

Hartley, (1934). Faraday Soc. 30, 441. 


Methods for Estimating Total Serum Protein. 


42, 492. 

Schales, O., Mims, Schales, (1946). Arch. Biochem. 
10, 455. 


previous communication concluded that the 
published equations for density-protein conversion 
were inadequate for normal human serum, and the 
CuSO, method estimating density had serious 
defects (Lloyd, Cheek, Sinclair Webster, 1945). 
Two months later carried out extensive examina- 
tions the Netherlands during the famine and, 
because were surprised find that persons with 
famine oedema had total serum protein 
within the statistically normal range, compared 
the density method were using (Jacobsen 
Linderstrom-Lang, 1940) with three other methods: 


gravimetric, micro-Kjeldahl and biuret. The gravi- 
metric estimations were made Kamer and 
Bos with the method Robinson Hogden 
(1941). After using with good agreement three 
modifications the micro-Kjeldahl method, 
adopted that Chibnall with digestion period 
hr. 

The results permit comparison the four 
methods. equation can derived relating 
relative density protein content estimated gravi- 
metrically, and compared with the various published 
equations. 
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TWEEDIE. (Wellcome Laboratory Human Nutrition, Oxford) 


The previous communication related estimations 
serum protein four methods persons without 
clinically demonstrable famine the present 
results show that two the methods (micro- 
Kjeldahl and densitometric) give anomalous results 
when samples from persons with famine oedema are 
used. 

Govaerts Grégoire (1941) found that the quality 
the serum protein persons with famine oedema 
was altered, since the observed colloidal osmotic 
pressure was lower than that calculated from the 
amounts albumin and globulin. Florkin 
(1947) found that certain persons with 
famine oedema the arginine/lysine ratio for total 
plasma protein was decreased. 

our estimations Holland found that when 
the gravimetric estimation total serum plasma 
protein was taken the reference, there was 
difference between values for persons with without 
famine oedema when the biuret method was used; 


but the micro-Kjeldahl and densitometric methods 
showed that the protein from persons with oedema 
contained less nitrogen and contributed more 
serum density than the protein persons without 
oedema. Estimations protein serum plasma 
oedema fluid from persons with famine oedema 
the gravimetric and densitometric methods gave 
correlation coefficient (n=22); the 
equation relating the two sets values follows: 


gravimetric protein 
g./100 ml. fluid 1-0073), 


and agrees closely with that found Weech, Reeves 
Goettsch (1936) for serum, plasma and transudate 
dogs, many whom were hypoproteinaemic. 

clear that there qualitative change the 
serum protein famine oedema, although, 
have previously shown (see Sinclair, 1947), the 
oedema not caused lowered concentration 
serum protein. 
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DEMONSTRATIONS 


Hydrolysis Organic Compounds Polarized Radiations. SEMMENS (introduced 
Morton) 


Pipette for Use with the Van Slyke-Neill Manometric Apparatus. Eaton 
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were read: 


(Medical School, University Birmingham) 


has been found that the rate respiration 
various animal tissues diminished more less 
degree calcium was removed from the surrounding 
medium (Lasnitzki, 1934). The tissues examined in- 
cluded liver, kidney, spleen, brain cortex from the 
rat, intestinal mucosa from the rabbit, and two types 
transmissible rat tumours. Similar effects 
calcium deficiency were observed respect tissue 
glycolysis. noted, further, that the rate 
respiration and glycolysis, normal well 
tumour tissue, was likewise reduced the medium 
did not contain potassium. This result prompted the 
hypothesis that calcium acted indirect manner, 
namely, through inhibition the outward diffusion 
potassium from the cell. The hypothesis was sub- 
stantiated the results investigations the 
influence upon the potassium content 
tumour tissue, kept under conditions similar those 
maintained metabolism experiments (Lasnitzki, 
1938). 

contrast these findings, absence calcium 
from the medium was found have stimulating 
effect upon the respiration skeletal muscle, while 
the reaction lack potassium was unaltered. The 
material employed was the diaphragm rats 
100-120 weight. each experiment about one 
half the muscular portion one diaphragm was 
suspended normal (glucose-free) Ringer solution 
having low bicarbonate content, and the other 

half similar solution which CaCl, 

had been replaced equimolecular amount 

NaCl. Oxygen consumption was measured 

atmosphere pure according Warburg (1930) 

tissue pieces were gently shaken larger volumes 
corresponding suspension fluids prior measure- 
ment. The results obtained during the first min. 
observation are illustrated the accompanying 
figure, giving the average three experiments. 
will seen that the rate respiration normal 
Ringer solution (NR) was fairly small, but that 
increased more than times when calcium had 
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COMMUNICATIONS 


Selective Influence Calcium the Respiration Skeletal Muscle. 


been excluded The difference was main- 
tained during subsequent periods observation, 
although became gradually less. Calcium thus 
able exercise direct inhibitory action upon the 
respiration skeletal muscle. effect this 
kind has, far, been obtained with heart muscle 
tissue. 


4-0 


2-0 


Qo, 


The most likely explanation this selective in- 
fluence appears that whereas calcium may yet 
cause limited inhibition the outward diffusion 
potassium from the skeletal muscle fibre, capable 
the same time penetrating that cell greater 
extent than the cells the remaining tissues. this 
way calcium will get position counteract, 
through its dehydrating power, the stimulating 
action potassium (cf. Lasnitzki, 1945). 


REFERENCES 


Warburg, (1930). The Metabolism Tumours, transl. 
Dickens. 


Lasnitzki, (1934). Protoplasma, 22, 274. 
(1938). Amer. Cancer, 32, 513. 
(1945). Nature, Lond., 156, 398. 


PROCEEDINGS THE BIOCHEMICAL SOCIETY 


The Measurement the Cytochrome Oxidase Activity Tissue Preparations. 


(Molteno Institute, University Cambridge) 


The cytochrome oxidase activity tissue prepara- 
tions usually measured determining the rate 
oxygen uptake when various reducing agents are 
added mixture the preparation (in phosphate 
buffer) and pure cytochrome assumed that 
the cytochrome reduced the reducing agent 
soon oxidized the cytochrome oxidase- 
oxygen and that the rate oxygen uptake 
dependent only the cytochrome oxidase activity. 

has been found that this assumption valid 
only when enzyme preparations relatively low 
cytochrome oxidase activity (e.g. Keilin Hartree’s 
1938 preparation) are employed. With the much 
more active preparations used more recently 
Keilin Hartree (1940, 1947), the rate oxygen 
uptake depends not only the cytochrome oxidase 
activity, but also the concentrations cyto- 
chrome and reducing agent and the catalytic 
activity the added cytochrome which 
affected the concentration the phosphate 
buffer. The concentrations cytochrome required 
for maximal activity are great that indirect 


method, involving extrapolation the 
ments different cytochrome concentrations 
infinite cytochrome concentration, must em- 
ployed. this method the (fat-free dry weight 
the Keilin Hartree (1947) preparation 
3400. 

p-Phenylene diamine, unlike other reducing 
agents, rapidly oxidized the enzyme prepara- 
tion the absence added cytochrome (Keilin 
Hartree, 1938), owing its ability rapidly 
reduce the endogenous cytochrome the heart- 
muscle preparation. The activity measured 
infinite cytochrome concentration is, however, 
independent the reducing agent, showing that 
there alternative pathway, the heart muscle, 
for the oxidation p-phenylene diamine, has 
been suggested Stotz, Sidwell Hogness (1938). 

Catechol and adrenaline are not satisfactory 
reducing agents for this determination. The former 
has too high oxidation-reduction potential, while 
adrenaline rapidly oxidized cytochrome 
even the absence cytochrome oxidase. 
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Method Separating the Main Chemical Constituents Pisum sativum. 


Brown, and (Department Biochemistry, University College, Dundee) 


During the course investigation fraction 
present peas which stimulated penicillin forma- 
tion (Cook, Tulloch, Brown Brodie, 1945), data 
were accumulated the chemical constituents 
present the pea. The ‘Gladstone’ variety pea 
has been studied. 

The following method separationwas employed: 


The general chemical composition these frac- 
tions shown the table. (Values are expressed 
g./100 dry peas pod.) 

Fraction consists fibre (26%), starch (40%) 
and protein. 

Fraction III consists mainly di- and mono- 
saccharides (72%, estimated glucose). From 


Peas pod passed through juice extractor 


Juice 


Ethanol added 80% 
concentration 


Filtrate IIT Precipitate 


Suspended water 


Soluble 
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have been isolated sucrose, fructose (as the diacetone 
compound) and asparagine. 
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Fraction consists protein and starch. 

Fraction the fraction active stimulating 
penicillin formation. contains complex carbo- 
hydrate with glucose, fructose and galactose units, 


nucleoprotein, peptides and free amino-acids. The 
76-8 1-64 following amino-acids have been detected and esti- 
0-6 1-27 mated the hydrolyzed material: lysine, histidine, 
0-36 arginine, aspartic acid, glutamic acid, glycine, 
4-2 0-36 valine, leucine, threonine, cystine, phenylalanine, 
6-4 0-45 tyrosine, tryptophan and proline. 

REFERENCE 


Cook, P., Tulloch, J., Brown, Brodie, (1945). Biochem. 39, 314. 


Phosphatase Rabbit Polymorphonuclear Leucocytes. 


(Department Biochemistry, University Western Ontario, London, Canada) 


Using the method King Armstrong (1934) 
was found that polymorphonuclear leucocytes 
obtained from the rabbit the method Haan 
(1918) contain active phosphatase. That such 
enzyme may present white cells was 
suggested Kay (1930) and confirmed Roche 
(1931) and Fiessinger Boyer (1936). 

the preparations used the present study 
least 95% the cells were polymorphonuclear. 
The pH-activity curve showed two maxima, one 
the region and one the region 
This was confirmed using number buffers. 
The alkaline phosphatase was much more active 
than the acid phosphatase. Under the conditions 


study, the alkaline phosphatase activity was 


proportional the concentration enzyme. The 
effect substrate concentration the alkaline 
phosphatase activity has been studied and the 
Michaelis constant (K,,) determined. excess 
substrate inhibited the enzyme. The time course 
the reaction has been plotted and shown 
line for least min.; after min. the 
activity fell off close approximation the 
monomolecular law. 


Magnesium and glycine, low concentrations, 
caused increase activity, the optimum con- 
centration magnesium being 
cyanide, borate, phosphate, bile salts and glycine, 
higher concentrations, were inhibitory. Fluoride 
had demonstrable effect. Surface-active sub- 
stances such saponin, bile salts ‘alkyl sul- 
phate’* liberated the enzyme from the cells. 

Similar results were obtained using «-glycero- 
phosphate and substrates. 
The enzyme hydrolyzed more 
readily than «-glycerophosphate. The alkaline phos- 
phatase can considered belong class 
Folley Kay (1936) and the acid phosphatase 
class AII. The alkaline phosphatase can also 
(1939). interesting note that Gomori 
(1941) demonstrated the presence alkaline phos- 
chemically. 


extremely active preparation provided the 
Procter and Gamble Company, Cincinnati, Ohio. 


REFERENCES 


Cloetens, (1939). Enzymologia, 46. 

159. 

Haan, (1918). Arch. néerl. Physiol. 674. 


Gomori, (1941). cell. comp. Physiol. 17, 71. 

Kay, (1930). biol. Chem. 89, 235. 

King, Armstrong, (1934). Canad. med. Ass. 
31, 376. 

Roche, (1931). Biochem. 25, 1724. 


xxi 
le, 
8). 
biol. 
dee) 


PROCEEDINGS THE BIOCHEMICAL SOCIETY 


(Department Biochemistry, University Western Ontario, London, Canada) 


The concentration free and totai cholesterol 
(method Schoenheimer Sperry, 1934), cere- 
broside (method Brand Sperry, 1941), total 
phospholipid, monoaminophosphatide and lecithin 
(method Hack, 1947) was determined the whole 
brain series guinea-pigs, cats and rabbits. 
From these figures the concentration ester 
cholesterol, sphingomyelin and cephalin was calcu- 
lated. The same estimations were also done both 
the white matter and grey matter from brains 
the cat, dog, beaver and man. 

wet-weight basis, there was higher con- 
centration cerebroside, total cholesterol, total 
phospholipid, lecithin, sphingomyelin and cephalin 
white matter than grey. Referred total 
‘essential lipid’ the concentration cerebroside 
and total cholesterol was higher white matter 
than grey, while the concentration total 
phospholipid was higher grey matter than 
white. The concentration sphingomyelin was, 
however, greater white matter than grey, this 


being offset greater concentration both 
lecithin and cephalin grey matter than 
white. 

Similar studies were also done 
nerves from the cat, dog, beaver and man. The 
distribution the ‘essential lipids’, i.e. cerebro- 
sides, total cholesterol and total phospholipid, and 
the various fractions which make the 
total phospholipid, i.e. lecithin, sphingomyelin and 
cephalin, more closely resembled the distribution 
the lipids the white matter the brain than 
that either the grey matter the brain whole. 
peripheral nerve, however, there was greater 
concentration sphingomyelin and less cephalin 

Both white matter and peripheral nerve were thus 
characterized relatively high concentration 
cerebroside, cholesterol and sphingomyelin. 
tempting speculate, therefore, that these 
lipids, rather than lecithin and cephalin, that form 
the basis ‘myelin’. 
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The Effect BAL the Urinary Copper Excretion Sheep. and 
(Animal Diseases Research Association, Moredun Institute, Edinburgh) 


preliminary study has been made the effect 
2:3-dimercaptopropanol the urinary excretion 
copper individual non-pregnant sheep, with 
view ascertaining whether any significant 
lowering (a) blood-copper level (b) the copper 
reserve the liver, can brought about. The 
value BAL agent the study the 
disease occurring sheep known Swayback 
might thus assessed. 

The experiments were carried out metabolism 
cages permitting the collection bulk urine over 
hr. periods. 

The BAL was injected intramuscularly 
(w/v) solution arachis oil containing 10% benzyl 
benzoate, and the copper determined the method 
Eden Green (1940). 

case no. 988, weight 100 the experiment 
extended over period days order (a) 
study the effect varying doses, (b) see whether 
the value for the increase urinary copper could 


maintained for subsequent doses given in- 

The following points interest were noted: 

(1) The effect given dose BAL ml.) 
the urinary copper excretion varied within wide 
limits for different sheep times normal 
level). 

(2) The increase copper excretion after BAL 
injection due two factors: (a) excretion 
copper conjugation with the BAL; 
effect due increase urine volume. This may 
prolonged over several days. volume 
extremely variable. 

(3) change the value for copper the blood 
could found after injection ml. BAL. 

(4) the case animal no. 988 over the total 
period days, for total ml. BAL injected 


there was estimated total loss copper through 


the urine mg. excess the normal excretion 
level. was not possible check the liver copper 
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this sheep the end the experiment, but 
was calculated that the amount copper stored 
the liver comparable sheep would mg. 

(5) There apparent change fecal copper 
output. 


another series experiments significant 
change has been brought about yet the blood- 
copper value pregnant ewes nor the liver 
copper level lambs given intensive doses 
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The Cytological Interpretation the Feulgen Reaction. and ELLEN STEDMAN. 
(Department Biochemistry, University Edinburgh) 


Feulgen’s reaction for deoxyribosenucleic acid 
used extensively cytological work. When applied 
sections similar preparations containing 
dividing cells the chromosomes, and these only, 
become stained violet colour, result which 
generally interpreted indicating that the whole 
the nucleic acid contained the nucleus 
located the chromosomes. From the fact that 
the dye produced Feulgen’s reaction soluble 
water is, however, clear that only structures 
the cell which remain insoluble under the staining 
technique employed and which are capable 
adsorbing otherwise retaining the soluble dye 
will become stained this method. these and 
other grounds (1943, have contested the 
above interpretation, but our conclusions have been 
criticized. particular, Brachet (1946) states, 
evidence against our view, that the isolated nuclei 
avian erythrocytes retain the whole their 


nucleic acid during the process. have 
therefore examined some the chemical changes 
which occur the isolated nuclei from ox-liver 
cells when submitted treatment similar that 
used Feulgen’s method. The results show that 
fixation for hr. 30% acetic removes 
part the histone. Hydrolysis 60° for min. 
completes the removal this nuclear 
component. the same time phosphorus corre- 
sponding with 27% the original nucleic acid 
present lost from the nucleus. Moreover, phos- 
phorus-containing substances can detected 
analytically the hydrolysis fluid, which also gives 
deep violet colour when neutralized and treated 
with Feulgen’s reagent and blue colour when 
heated with Dische’s reagent. These results accord 
with our interpretation Feulgen’s reaction. Their 
implications are discussed. 
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Some Metabolic Products Trichothecium roseum Link. and Morrison. 
(Imperial Chemical Industries Limited, Explosives Division, Research Department, Stevenston, 


Ayrshire) 


The isolation and properties trichothecin, 
antifungal substance from the culture filtrate 
roseum, have been described (Freeman 
Morrison, 1948). Trichothecin, which inhibits the 
growth many fungi but has antibacterial 
properties, colourless crystalline unsaturated 
ketone, m.p. 118°, has the probable 
molecular formula 

the course fractionation roseum 
culture filtrates three other crystalline metabolic 
products were isolated. These not appear have 
been described previously and will referred 
rosein and III, respectively. The three sub- 


stances were present the chloroform extract 
the culture filtrate; rosein and have also 
been isolated from the dried mycelium larger 
amounts. 

Chloroform extracts the mycelium consisted 
mainly mixture lipids from which rosein 
crystallized evaporation the solvent 
addition petroleum ether, b.p. the oily 
residue. was purified chromatographically and 
obtained colourless compact crystals, m.p. 210°. 
Yield, 3-2% dry mycelium. Rosein was readily 
soluble chloroform and acetone and slightly 
soluble ether, benzene and ethanol. 


144° (c, inchloroform). Theanalytical data 
were agreement with the molecular formula 
The substance was neutral ketone. 

Rosein was also obtained highest yield from 
the chloroform extract the mycelium. was 
separated from rosein means its greater 
solubility ether and boiling 50% (v/v) aqueous 
ethanol. was also obtained extraction the 
oily residue with (v/v) ethanol. was purified 
recrystallization from 50% (v/v) ethanol and 
from petroleum ether, b.p. from which 
crystallized colourless fibrous needles, m.p. 186°; 
yield mycelium. Rosein was neutral and 
free from ketonic properties. 6°(c, inchloro- 
form ethanol); 7°(c, chloroform). Its 
analytical data agreed with the molecular formula 

Rosein III was obtained from the chloroform 
extract the culture filtrate yield 100 
and separated from trichothecin chromatography 
activated alumina. crystallized from toluene 
colourless compact crystals, m.p. 221°. The sub- 
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stance was slightly soluble petroleum ether, 
b.p. and ether, but readily soluble 
chloroform and boiling (v/v) aqueous ethanol. 
124° (c, chloroform). Its analysis agreed 
with the molecular formula Rosein 
was neutral and contained ketonic group. 

Roseins and III had antifungal 
bacterial activity. Rosein was active against 
subtilis but had antifungal activity. 

The crude oil extracted from the mycelium was 
decolorized passage through column char- 
coal. The oil was liquid 20° and crystallized 
partially below 15°. amounted 20% the 
mycelium. Its saponification value was 194. The 
corresponding fatty acids were separated into solid 
and liquid fractions the lead salt method 
(Twitchell, 1921) and were found consist about 
solid and 60% liquid acids. The latter 
consisted mainly oleic acid, but the presence 
linoleic acid was established isolation 
its petroleum ether insoluble tetrabromide, m.p. 
115°. 
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Two Crystalline Mycelial Constituents Trichothecium roseum Link. 
(Department Biochemistry, London School Hygiene and Tropical Medicine, London, W.C. 


strain the mould roseum Link, 
freshly isolated from apple Smith, was 
found grow somewhat slowly Czapek-Dox 
Raulin-Thom medium, but grow well Czapek- 
Dox medium with added cornsteep liquor. 

The culture harvested after weeks’ incubation 
24° the latter medium. The yellow culture 
fluid contains bitter principle which can 
extracted with ether. Continuous extraction the 
dried and powdered mycelium with light petroleum 
affords mixture two colourless, crystalline 
products (2-3% the weight mycelium). The 
two products are separated treatment the 
mixture with cold ethanol which leaves product 
m.p. 210° (approx. two-thirds the mixture), 
undissolved, while product m.p. 186°, crystallizes 
from the alcoholic liquors addition water. 

preliminary examination these products has 
shown the following facts: 

Product Colourless pyramids (from alcohol), 
m.p. 210°. Analysis: 74-99, 75-01, 8-70, 
9-03, 9-00. methoxy active present. 
Mol. weight (Rast) 316. Its empirical formula has 
not been established with certainty, but the formula 
appears possible, amongst others. The 
substance soluble most organic solvents, incl. 
hot petroleum ether. optically active: 


acidic properties. The presence carbony] indi- 
cated the formation yellow 4-dinitro- 
phenylhydrazone, m.p. 237°. Heating with alkali 
ethanol converts product into sub- 
stance, m.p. 143°, which has the same analysis, but 
more soluble ethanol than product and which 
has the rotation ethanol 1). 
Oxidation product with acetone 
gives substance, m.p. 242°, which, according 
analysis and titration, appears 
acid, 

Product II. Colourless needles (from toluene), 
m.p. 186°. Anulysis: 75-37, 75-56; 9-48, 
9-34, 9-21. OMe active present. Mol. 
weight (Rast) 337. The substance soluble most 
organic solvents; more soluble than product 
cold ethanol and petroleum ether. optically 
active: ethanol (c, 1). 
slowly dissolves product clear solution from 
which acid precipitates the unchanged product. 
acetone converts product into acid, 
m.p. 284°. 

Comparison (by mixed m.p.) the two crystalline 
products with the substances obtained Freeman 
Morrison (see above) showed that product 
identical with and product identical 
with ‘‘Rosein 
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xXXV 


Colorimetric Determination Potassium the Folin-Ciocalteu Phenol Reagent. 


Determination Serum Potassium the Flame Photometer. (Department 
Chemical Pathology, Postgraduate Medical School, London, 12) 


The potassium concentration solution may 
determined the flame photometer Domingo, 
Klyne Weedon (1948). The solution sprayed 
into air-acetylene flame and the intensity the 
766 and 770 lines measured, using 
609 filter and Cintel GS18 photocell. solution 
containing well gives higher galvano- 
meter reading than solution the same con- 
centration containing Na. Representative results 
for NaCl and solutions are given Table 


Table Flame photometer readings for potassium 


Concentration 
(mg. (mg. Na/ Galv. 
Solution ml.) 100 
0-0 
0-1 
330 
2-0 
2-0 6-0 
2-0 100 
2-0 9-4 
2-0 330 9-4 
2-0 340 9-5 
3-0 330 13-5 
330 


Logarithmic scale. 


These higher galvanometer readings are pre- 
present the flame (cf. Brode (1943), regarding 


the influence extraneous elements are and 
spark spectra). Previous workers the flame 
photometer (e.g. Barnes, Richardson, Berry Hood, 
1945; Hald, 1947) have not reported such inter- 
ference; their flame temperatures were probably 
lower than that used the present work. 

For determinations with our apparatus stan- 
dard solutions must used containing 
approximately the same concentration the solu- 
tions tested. The dependence the galvano- 
meter readings concentration decreases 
higher concentrations shown solutions 

concentration from the normal (c. 330 mg./100 ml.) 
are therefore minimized follows. Serum (1-0 ml.) 
diluted with NaCl solution containing 330 mg. 
Na/100 ml. (9-0 ml.). The resulting solution has 
concentration mg./100 ml. even for 
the most abnormal sera. Comparison then made 
with standard solutions containing 1-5, 2-0, 2-5, 
mg. K/100 ml. and, each case, 330 mg. Na/100 ml. 

Results for normal sera this method and 
the cobaltinitrite method Abul-Fadl (1948) 
usually agree within mg. K/100 ml. added 
normal serum can recovered with error 
mg./100 ml. 


assistance. 
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The Polymyxins: Related Series Antibiotics derived from polymyxa. 
BROWNLEE and Tupor (The Wellcome Physiological and Chemical Research Laboratories, 


Beckenham, Kent) 


The name was applied Ainsworth, 
Brown Brownlee (1947) chemotherapeutic 
antibiotic, selectively active against Gram-negative 
organisms. Its pharmacology was further studied 
Brownlee Bushby (1948), who emphasized its 


bactericidal nature. Its clinical application 
whooping cough was described Swift (1948) 
preliminary report. The polypeptide nature 
least part the molecule inferred from the 
detection and isolation D-leucine, 


acid and unidentified, optically 
active fatty acid formula (Catch, Jones 
Wilkinson, 1948). 

was discovered America 
Stansly, Shepherd White (1947) antibiotic 
product the antibacterial nature 
crude culture filtrates this organism had been 
the subject earlier communication Benedict 
Langlykke (1947). The component amino-acids 
this antibiotic were simultaneously identified 
Bell, English, Shepherd, Winterbottom, Bone, 
Fellows, Howard Rogers Jones 
leucine, threonine, serine and «y-diaminobutyric 
acid, while the same fatty acid was also present. 

Comparison the two antibiotics* revealed 
identical antibacterial spectrum, but several in- 
teresting pharmacological differences. Even the 
purest samples ‘Aerosporin’ are toxic the 
mammalian kidney (Brownlee Bushby, 1948) and 
efforts directed removing this property chemically 
have far met with little success. Polymyxin also 
has the nephrotoxic property (Brownlee, Bushby 
Short, 1948). After efforts eliminate the 

the exchange samples through Carey 
the Lederle Laboratories Division the American 
Cyanamid Co. 
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nephrotoxic action, which included chemical puri- 
fication, and the use protecting agents (Brownlee 
Short, 1948), strain selection proved most pro- 
ductive and quickly provided number anti- 
biotics with different chemical and pharmacological 
properties. least two are free from nephrotoxic 
properties. 

The recognition this related series, which 
‘polymyxin’ was one, raised acute form the 
question nomenclature. The reinvestigation 
the taxonomic derivation aerosporus and 
(Porter, McCleskey Levine, 1937) has 
shown the two identical and confirms the latter 
the specific name. therefore appropriate 
that the collective name for the antibiotics shall 
polymyxin and agreement this sense has been 
brought about between the British and American 
workers involved. ‘Aerosporin’ has thus been 
renamed polymyxin and the ‘polymyxin’ 
Stansly al., polymyxin while the newly investi- 
gated antibiotics which are free from the nephrotoxic 
property are polymyxin and polymyxin There 
also described polymyxin 

The chemical basis which the classification 
rests given the accompanying paper (Jones, 
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(Wellcome 


Chemical Research Laboratories, Beckenham, Kent) 


Polymyxin (‘Aerosporin’) has been shown 
contain (Jones, b), 
acid and unidentified, 
optically active, fatty acid formula 
(Catch, Jones Wilkinson, 1948a, b). The same 
acids, with serine additional acid, are present 
polymyxin (Bell al. 1948; Jones, 1948c; 
Catch al. b). That free serine not present 
such the polymyxin preparation studied, 
shown partition chromatograms. these, 


polymyxin moves speed, relative the 
solvent front, faster than polymyxin When 
applied the paper admixture the two anti- 
biotics separate, giving two spots. Similarly when 
diverse origin are examined possible dis- 
tinguish groups their relative speeds 
the paper. Further, when the products the 
acid hydrolysis these materials are examined 
the chromatogram, differences are noted their 


the 


ome 
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hen 
nti- 
hen 
dis- 
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qualitative composition. These differences are sum- 
marized Table where the amino-acids corre- 
sponding with selected strains are shown together 
with the classes which they have been assigned. 
Except for polymyxin which has the same 
qualitative composition polymyxin the dif- 
ferent classes show differences their amino-acid 
make-up. The basis the classification, therefore, 
that the relative solubilities two solvents, 
reflected the relative speed the chromatogram, 
and the qualitative amino-acid composition, should 
differ for the different classes. not known 
present whether polymyxins assigned one class 
differ quantitatively amongst themselves, and 
whether all the strains which produce these are 
actually identical organisms. appears, however, 
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Table The amino-acid components the 


XXVii 


that 1984 and 2002, which have been shown 
give products indistinguishable chromato- 
graphy both the intact and the hydrolyzed 
materials, are distinct strains (Francis King, 
1948). Until very recently, when one strain 
apparently gave product which, the intact 
material, separated into spots corresponding with 
both polymyxin and evidence has emerged 
that any one strain gives more than one class 
antibiotic. The apparent dual nature this pre- 
paration needs confirmation with purer material. 
The common feature all these antibiotics appears 
the presence, the molecule, threonine, 
acid, neutral non-polar amino- 
acid and, far has been investigated, saturated, 
optically active fatty acid. 


ay-Diamino- 


Polymyxin Culture no.* Leucine Phenylalanine Threonine Serine butyric acid 

2002 
121 

1419 

2136 
2185 

2164 


Wellcome Foundation Culture Numbers. 


Lederle Laboratories Division the American Cyanamid Co. 
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Isolation the Amino-acids p-Leucine, 


L-Threonine, Acid, and Unknown Fatty Acid. 
and (Wellcome Chemical Research Laboratories, Beckenham, Kent) 


The presence polymyxin (‘Aerosporin’) 
D-leucine and (Jones, 1948a, and 
the isolation acid (Catch 
Jones, 1948), has established the amino-acid 
composition the polypeptide portion this anti- 
biotic. The present work has confirmed the presence 
these amino-acids. The use acid for the 
isolation the basic amino-acid has been found 


unnecessary and acid 
and acid have been isolated 
the mono-hydrochlorides yields the propor- 
tion 3:1 direct fractional crystallization from 
alcohol residue left after removal the 
hydrochloric acid from the ether-extracted hydro- 
lysis mixture. Fractional precipitation pyridine 
the mother liquors from the crystallization 
the di-amino-acid gave pure and, from 


ti- 
es, 
act. 
47). 


the filtrate addition sulphonic 
acid, the salt was obtained. This enabled 
the isolation pure D-leucine. All the amino- 
acids were thus obtained the optically and 
chromatographically pure substances. 
aminobutyric acid has also been isolated the 
above manner from polymyxin 

strongly acid solution ether gave only traces 
soluble material. After hydrolysis hot acid, but 
not alkali the cold, ether extraction the 
product yielded the same fatty acid for the three 
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polymyxins. This acid may purified via the 
p-bromobenzylthiuronium salt, m.p. 
fractional distillation under diminished pressure. 
The acid gave crystalline amide, m.p. 93°, and 
liquid methyl ester, b.p. 35-36°/0-01 mm. Hg. 
Optical activity shown both the acid, 
ether), and the ester, 


the salt, the ester and the amide, which are pre- 
sented, are consistent with the empirical formula 
for the acid. 
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Nucleic Acids the Development the Chick Embryo: Changes Ribonucleic Acid 
Phosphorus (RNAP) and Deoxyribonucleic Acid Phosphorus (DNAP) Heart and Liver. 


London, 


Evidence has accumulated recent years support 
the view that the nucleic acids are related growth 
and the synthesis protein. Studies em- 
bryonic development have shown that there 
higher concentration both types nucleic acid 
embryonic than adult tissues (Brachet, 1941; 
Davidson Waymouth, 1944), and that the ribo- 
nucleic acid (RNA) the whole chick embryo 
reaches its highest concentration when protein 
catabolism most active (Novikoff Potter, 1948). 

the present investigation the heart and liver 
the chick embryo were selected account 
their contrasting functions. Sampling occurred 
random intervals over months from eggs pure 
bred Leghorn stock incubated The whole 
body, heart and liver 9-20 day embryos were 
rapidly weighed and stored absolute alcohol 
until they could analyzed for RNAP and DNAP. 
The analytical method was based that Schmidt 
Thannhauser (1945), and phosphorus was deter- 
mined over the various ranges three methods 
(Berenblum Chain, 1938; Fiske Subbarow, 
1925; and Allen, 1940). 

The curves for total RNAP and DNAP per organ 
different stages development follow closely 
the shape the curves for the fresh weights 
hearts and livers. 

One feature clearly emerges when the changes 


the RNAP/DNAP ratio are compared. The ratio 
for the heart steadily falls from value 3-3 
days 2-0 days. The ratio therefore 
highest when the rate growth most rapid, and 
falls off this diminishes. contrast, the ratio 
the growing liver does not decrease uniformly, 
but rises 4-3 12-13 days and after slight fall 
returns its original value days. 

The steady decline the RNAP/DNAP ratio for 
the heart seen the results fall the mean 
RNAP concentration P/100 mg. fresh 
weight days 42-5 P/100 mg. days, 
and simultaneous rise the DNAP from 
15-17 pg. P/100 mg. P/100 mg. Liver 
RNAP concentrations fall from 100 P/100 
days P/100 mg. days, and the 
DNAP from P/100 mg. days yg. 
P/100 mg. days. may that the falling 
concentrations both RNAP and DNAP the 
latter produced the increasing content 
glycogen other cellular constituents the liver 
cells. 

neither these organs there marked 
increase RNAP, DNAP the ratio these 
two nucleic acids the days when 
protein catabolism the embryo whole 
taking precedence over the fat and carbohydrate 
catabolism (Needham, 1942). 
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Xxix 


The Occurrence Uracil Liver Ribonucleic Acid. Davipson and 
(The Biochemistry Departments Thomas’s Hospital Medical School and Glasgow University) 


Uracil well known one the pyrimidine 
bases yeast ribonucleic acid and its presence 
the pentose nucleic acids the pancreas and 
tobacco mosaic virus suggested the work 
Jorpes (1924) and Loring (1939) respectively. 
Barnes Schoenheimer (1943), from the nucleic 
acids mixed rat organs, isolated crystalline 
material from fraction which might have con- 
tained either thymine uracil, and stated 
thymine. Its content was The nitrogen 
contents thymine and uracil are 22-2 and 
respectively. 

Liver ribonucleic acid (Davidson Waymouth, 
1944) was hydrolyzed the method Pentl 


Schoenheimer (1944) and the pyrimidine bases 
separated the method Hunter Hlynka 
(1937). Cytosine was obtained picrate and uracil 
the free base. 

Found: 42-70; 3-63; 24-6%. 
requires 42-86; 3-57; 25-0%. 

The ribonucleic acid from one animal source, 
liver, therefore contains uracil one the con- 
stituent bases and since the animal body contains 
more pentose nucleic acid than nucleic 
acid, probable that the material isolated 
Barnes Schoenheimer was uracil rather than 
thymine. Their analytical figures confirm this 
view. 
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Amino-acids Nuclear Proteins. 
Biochemistry, The University, Glasgow) 


The material employed was prepared 
from calf thymus and rat liver the method 
Mirsky Pollister (1946) and fowl erythrocyte 
nuclei. After removal nucleic acid the Sevag 
procedure the whole protein obtained was 
exhaustively extracted with HCl remove histone, 
leaving protein fraction corresponding the 
chromosomin Stedman Stedman (1943) 
the Tr.Pr. Mirsky Pollister (1946). 
Whole protein, histone and chromosomin were 
examined for amino-acid content paper chro- 
matography and tryptophan was determined 
each fraction. 

Histones from all three sources differed from the 
chromosomins containing lysine and more serine, 
whereas the chromosomins (but not the histones) 
contained glycine. The histones contained aspartic 


Hunter, Hlynka, (1937). Biochem. 31, 486. 
Jorpes, (1924). Biochem. 151, 227. 

Loring, (1939). biol. Chem. 130, 251. 

Pentl, Schoenheimer, (1944). biol. Chem. 153, 203. 


acid, glutamic acid, lysine, serine, alanine, tyrosine, 
arginine, valine, leucine, isoleucine, phenylalanine, 
proline and unidentified constituent, but fowl 
erythrocyte histone differed from the other two 
histones containing less leucine, isoleucine, valine 
and phenylalanine. All three chromosomins con- 
tained aspartic acid, glutamic acid, glycine, serine, 
alanine, tyrosine, arginine, valine, leucine (iso- 
leucine) phenylalanine, proline and two unidentified 
constituents. Whole protein contained amino-acids 
corresponding the sum those the 
histone and chromosomin. trace cystine was 
found whole protein from rat liver nuclei. 
Tryptophan was absent from, present only 
traces in, the histones. Thymus chromosomin con- 
tained 0-76% and rat liver chromosomin 1-20% 
tryptophan. 


REFERENCES 


Mirsky, Pollister, (1946). gen. Physiol. 30, 
117. 


Stedman, Stedman, (1943). Nature, Lond., 152, 


267. 


ol, 

ore 

tio 

fall 

for 

ver 

the 

ling 

the 

iver 

‘ked 

hese 

rate 


xxx 


PROCEEDINGS THE BIOCHEMICAL SOCIETY 


(The Chester Beatty Research The Royal Cancer Hospital, London, S.W. 


Mice deprived vitamins the group show 
decreased activity liver succinoxidase owing 
enzyme system (Elson, 1947). Examination the 
testes these mice (M.R.C. strain) has shown that 
spermatogenesis and sperm differentiation are 
affected, the process differentiation being arrested 
with formation giant cells containing many nuclei. 
This stage followed gradual arrest meiosis 
the primary spermatocytes. Maintenance for 
about days the deficient diet results 
complete suppression cell activity some 
seminiferous tubules, which are often denuded 
all but one layer spermatogenic cells. Recovery 
was studied animals kept the deficient diet 
for 20-25 days and fed again normal diet. 


Meiosis commences again days after restoration 
normal diet, but the division several primary 
spermatocytes shows various abnormalities, the 
most common being lagging displacement chro- 
mosome bivalents. Aneurin appears the com- 
ponent the vitamin complex chiefly concerned 
these effects. Similar but less intense changes the 
testes mice chronic aneurin deficiency have 
been reported Dunn, Morris Dubnik (1947). 

These findings, together with the observations 
Koller (1946) the golden hamster, show that 
temporary diet deficiency can lead effects 
apparently identical with the so-called spontaneous 
changes the genetical structure cells. They thus 
indicate mechanism which these naturally 
occurring variations could arise. 
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Some Properties the Crystalline Anti-Pernicious Anaemia Factor. 


(Clinical Laboratories, Victoria Infirmary Glasgow, Glasgow) 


The factors influencing the development the 
colour the Liebermann-Burchard reaction have 
been studied, using Spekker absorptiometer and 
set eight Ilford spectral filters. 

The findings other workers that the absorption 
curve for cholesterol solutions tested the above 
reactions shows two peaks 600-690 and 430 
confirmed. 

The temperature which the colour developed 
considerably modifies these maxima. Curves have 
been plotted absorption against time develop- 
ment for cholesterol solutions treated with reagents 
and incubated various temperatures. Between 
and 20° the rates increase absorption 
690 and 430 are similar. temperatures above 
20°, however, critical value reached, depending 
the concentration cholesterol, beyond which 
the component absorbing 690 diminishes, and 
that 430 increases. Since the loss 690 
not paralleled loss 430 my, there 
evidence the conversion one coloured product 
another form. The rate development and con- 
version the colour increase with rise tem- 
perature. 20° the critical value reached 


develops over period min., but subsequent 
incubation higher temperature results the 
development the colour along that particular 
temperature curve. ‘Room-temperature’ develop- 
ment results curve which approximates that 
obtained incubating 30° and due the 
initial heat the reaction. 

The deleterious effect exposure white 
ultraviolet light has been shown due action 
upon the coloured product itself. The proportions 
acetic anhydride and sulphuric acid used also 
affect the final colour. 

With carefully controlled conditions strictly 
linear relationship exists between absorption 
430 and concentration cholesterol when 
the reaction allowed proceed the dark 
for 30min. 40°. Since development absorp- 
tion can more readily controlled 
suggested that estimating cholesterol itself 
this reaction, measurement should made 
this wavelength rather than 690 my, has been 
usual. 

The response cholesterol esters under similar 
conditions now being studied. 


The clearance potassium the human kidney, 
appears contrast chloride, vary inversely 
the plasma potassium. After ingestion 
potassium salts the plasma level tended fall and 
the clearance rose sharply. suggested that the 
rate potassium excretion governed primarily 
its concentration the cells rather than the 
plasma level. Potassium taken mouth may 
taken the liver and/or other tissues, and 


Cyanase, Enzyme Catalyzing the Hydrolysis Cyanate. 
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stimulus possibly via the suprarenal may excite 
the kidney excrete potassium until the concentra- 
tion the tissue cells reduced. potassium 
contrast sodium primarily intracellular 
electrolyte, the control its excretion the 
potassium concentration the cells rather than 
the plasma level would appear more physio- 
logical. 


(Department Pharmacology, University Birmingham) 


was recently found that some pharmacological 
properties cyanate, e.g. the diuretic action 
rats (Schiitz, 1946; Birch Schiitz, 1946), was lost 
incubation cyanate with organ extracts 
(Millington Schiitz, 1948). This was partly due 
binding cyanate certain proteins (Holtham 
Schiitz, 1948), but the possibility remained 
enzymic destruction have taken place well. 
further indication for the probable existence 
mechanism destroying cyanate liver was 
obtained recent experiments Dirnhuber 
Schiitz (1947, when small but signifi- 
cant amounts acid were liberated and 
distilled from brain and other tissues, but 
trace was recovered from either fresh-liver tissue, 
after was incubated under physiological 
conditions. 

enzyme was found, capable catalyzing 
hydrolysis cyanic acid into ammonia and carbon 
dioxide, thus: 


The evolved CO, was measured manometrically. 
Aqueous centrifuged and filtered extracts liver 
and kidney from freshly killed rats guinea pigs 
were very active. Lyzed erythrocytes were less 
active. Serum, brain muscle showed activity 


the enzyme was inactive, and 6-8 its 
activity was <40% that shown 6-3. The 
enzyme (liver and kidney) was thermolabile. Liver 
extract kept min. 65° was inactive. CN’ was 
found inhibit; KI, iodoacetate, H,O, and 
did not inhibit. Further properties the enzyme 
are being investigated. propose for this new 
enzyme the name cyanase. 

means the recently developed manometric 
method for the determination cyanate (Dirnhuber 
Schiitz, the described results have been 
confirmed. Moreover, was possible investigate 
the activity >7. Liver extracts were still 
active 7-4, though <30% the activity 
shown 6-3. There may limitations its 
activity vivo. Tissue slices 7-4 were still 
less active than extracts the same pH. Since 
strong indications have recently been found for 
the formation cyanate from urea certain tissues 
(Dirnhuber Schiitz, 1947, Holtham 
Schiitz, 1948), the physiological role cyanase 
probably consists catalyzing the hydrolysis 
cyanate. seems interest that the substrate 
the simplest organic nitrogenous com- 
pound whose hydrolysis catalyzed thermo- 
labile enzyme. Pure sodium cyanate, made from 
urea according Bader, Dupré Schiitz (1948), 
was used all experiments. 
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Materia Medica, University Glasgow) 


Ten sets young litter-mate white rats about 
weight were arranged six groups. They were 
given rat cube and water lib. three groups 
arachis oil was administered daily ml./kg., 
the other three groups arachis oil the same 
volume containing BAL mg./kg. One control 
and one BAL-injected group were sacrificed 14, 
and days after recording the weights the 
rats daily. second similar experiment with 
three groups young rats BAL mg./kg. was 
injected for days. According Dunn, Murphy 
Rockland (1947), one applies the formula 
log W=1/t (Zucker, Hall, Young Zucker, 1941; 
Zucker Zucker, 1942) the figures obtained 
recording the growth the rats over period 
weeks, straight-line graph indicates adequate 
state nourishment the animals. This condition 
was found apply both the control and the 
injected rats and the plots were parallel. There was 
significant difference the quantities food 
eaten the rats over the course the experiment. 
Much larger doses BAL than the mg./kg. which 
produces toxic effects man (Modell, Gold 
Catell, 1946) may thus given young rats 


without affecting their appetite rate growth. 
The individual weights thyroid, thymus, liver, 
kidneys, spleen, lungs, gonads, dried right femur, 
washed heart and washed gut similarly showed 
statistically significant differences between the 
groups. X-ray the skeleton showed detectable 
difference bone structure. Seifter Ehrich (1948) 
have shown that the thymus most sensitive 
indicator general disturbance growing rats. 
The thymus glands rats injected with BAL 
mg./kg. for days showed pyknonecrosis and 
were lighter than those controls. The 
thyroid glands (190 body wt.) were heavier 
than controls (125 and showed histological 
evidence microfollicular hyperplasia mild 
degree small follicles controls 18%; BAL 
treated rats 30%; 1000 follicles counted). The 
livers injected rats showed some central necrosis 
and failure glycogen storage. 

not very toxic growing rats. There only slight 
evidence goitrogenic property this compound 
and little evidence thymus depletion liver and 
kidney damage. 
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DEMONSTRATION 


Production Streptokinase (Fibrinolysin) and Haemolysin Haemolytic Streptococci. 
GREEN. (Gardner Institute Medicine, Glasgow) 


The use simplified media, coupled with strain 
selection, obviates many difficulties the puri- 
fication bacterial products. modification 
Fildes’s casein hydrolysate-yeast extract medium 
has been used. Yields streptokinase this 
medium are comparable with those obtained with 
the usual digest and infusion media. Control 
throughout growth cardinal importance 
(Christensen, 1945), the yield being negligible when 
the the medium falls below 6-0. Within the 
range streptokinase production parallels 


bacterial growth under varying conditions incu- 
bation. 

Streptokinase can recovered from filtrates 
precipitation with alcohol acetone, 65% 
saturation with adsorption 
alumina (Holmberg Winblad, 1944) forming 
ether-water interface. 

The yield haemolysin, the other hand, 
negligible this simplified medium, and dialyzed 
media (Krejci, Stock, Sanigar Kraemer, 1942). 
the heart-infusion and digest media used for 
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reference, streptolysin (Todd, 1938) preponderated 
the supernatants infusion broth, while the 
haemolysin digest broth was not oxygen-sen- 
sitive. Preliminary work shows that ‘factor’ 
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necessary for yields the latter type haemolysin 
can removed passing calcium phosphate 
floc the medium. The ‘factor’ can recovered 
from the precipitate, and non-dialyzable. 
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FORTHCOMING PAPERS 


hoped publish the following papers the next issue the Biochemical Journal: 


Relations between hydrochloric acid secretion and electrical phenomena frog gastric mucosa. 


Studies the nitrogen metabolism the apple fruit. Changes the nitrogen metabolism the apple during the 
normal and ethylene-induced climacteric rise rate respiration. 


The algae. The lipochromes the male and female gametes some species the Fucaceae. 


Quantitative micro-analysis amino-acid mixtures paper partition chromatograms. 
and 


The amino-acid composition and titration curve collagen. and 


The nutrition the larva Aédes aegypti Linnaeus. 


The chemistry connective tissues. The state combination chondroitin sulphate cartilage. 
PARTRIDGE 


The influence bactericidal agents and the absence L-ascorbic acid the accumulation hydroxyphenyl 
compounds the large intestine guinea pigs after the consumption high doses 


Pipette for use with the Van Slyke-Neill manometric apparatus. 


The determination quinine degradation product blood, and its absorption the chick. 
and 


The relationship between losses labile liver cytoplasm and urinary nitrogen excretion. Rosa 
and 


improved diacetyl reaction for the estimation urea blood. WHEATLEY 


The chemical conversion nicotinic acid and nicotinamide derivatives N-methyl-2-pyridone methylation 


Absorption 3-methylglucose from the small intestine the rat and the cat. and Davson 


Determination traces iron and copper culture media prepared enzymic digestion muscle protein. 


The action alkalis wool. The action alkalis deaminated wool. and 


The effects progressive nutritional hypoproteinaemia the extracellular-fluid phase and plasma colloid 


Changes the extracellular- and intracellular-fluid phases tissues during water diuresis normal and hypo- 


Chemical constitution and insecticidal action. 


The effect high blood urea the acid-base balance serum dogs. 


1€ 


[The Editors the Biochemical Journal accept responsibility for the Reports the Proceedings 
the Society. Abstracts papers read are published received from the 
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The 269th Meeting the Biochemical Society was held the Department Biochemistry, The University, 
Sheffield 10, Friday, September 1948, 11.30 a.m., when the following papers were 


COMMUNICATIONS 


Observations the Type Hydroxyl Group undergoing the Ethereal Sulphate Synthesis 


University Liverpool) 


generally believed that the only hydroxy 
compounds which form ethereal sulphates ad- 
ministration animals are phenols. Prof. 
Marrian (personal communication) has drawn our 
attention the fact that number ethereal 
sulphates non-phenolic steroids have been 
isolated from normal and pathological urines, e.g. 
androsterone-3-sulphate (Venning, Hoffman 
Browne, 1942). these steroids the sulphated 
hydroxyl group not phenolic but occurs 


CHOH. The production 


androsterone itself has not been studied. There 
therefore proof yet that androsterone com- 
bines directly with vivo. has been 
suggested (Dodgson, Garton, Stubbs Williams, 
1948) that the ability hydroxy compound 
form ethereal sulphate may depend its 
ionization constant. survey phenols which are 
known conjugate with sulphate shows that the 
pK’s the groups vary from 10. 
therefore decided survey ethereal sulphate 
formation feeding large number hydroxy 
compounds and compare the results with known 
values the ionization constants the hydroxyl 
groups. The results quoted below are but preliminary 
observations. 

Some the pyrimidines quoted above, e.g. 
veronal, uracil, alloxan and acid, 
possess pK’s the same order phenols, but only 
the last forms ethereal sulphate (also dogs; 
Cerecedo, 1930). the formulae these pyrimi- 
dines are examined, will found that only 


secondary alcohol group, 


acid possesses the system, 
the others contain the system 
the hydroxypyridines). Our 
results suggest two conditions for ethereal sulphate 


dose 
excreted 


Compound rabbits group 

Barbituric acid 4-0 
Diethylbarbituric acid (veronal) 
isoBarbituric acid (hydroxyuracil) 8-6 
Uracil 9-45 
Alloxan 6-6 
Theobromine 9-9 
Ascorbic acid 4-2 and 11-6 
Ethanol >15-0 
(phenolic) 


Compare with, for example: 


Phenol 
9-5 
Resorcinol 9-8 
p-Chlorophenol 9-2 
o-Nitrophenol 
p-Hydroxybenzoic acid 9-4 


formation: (a) pK, and (b) the 
enolic system, acid con- 
tains this system, i.e. but 
forms ethereal sulphate for the pK’s the 
groups are respectively less than and greater 
than 10. also significant that the enzyme 
phenolsulphatase only hydrolyzes phenolic ethereal 
sulphates but not alcoholic sulphates such 
ethylsulphuric and amylsulphuric acids (see sum- 
mary Fromageot, 1938). 
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The Decarboxylation ortho-Tyrosine (o-Hydroxyphenylalanine). 


and 


meta-Tyrosine has been shown substrate 
the mammalian enzyme dopa decarboxylase 
(Blaschko Sloane Stanley, 1948). The amino-acid 
was not decarboxylated intact resting cells 
Streptococcus faecalis but has since been found 
that decarboxylated acetone-dried prepara- 
tions the bacteria about one-third the rate 

have now examined ortho-tyrosine. This 
amino-acid was found decarboxylated 
mammalian tissue extracts (guinea pig’s kidney and 
rat’s liver). The total amount CO, formed suggests 


that only the L-isomer was attacked. Competition 
experiments showed that the same catalyst was 
responsible for the decarboxylation both meta- 
and ortho-tyrosine. significant decarboxylation 
occurred with acetone-dried preparations Strep. 
faecalis 

ortho-Tyrosine was oxidized the D-amino-acid 
oxidase pig’s kidney and the 
oxidase cobra venom. 


are grateful Neuberger for the sample 
DL-ortho-tyrosine used these experiments. 


REFERENCE 
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and WINIFRED (Lister Institute Preventive Medicine, London) 


The human blood group A-substance shows two 
distinct serological characters both which have 
been used measure the amount A-substance. 
The more labile character, that inhibiting the 
animal anti-A sera, sensitive indicator any 
structural changes brought about the isolation 
processes. The second serological property, that 
inhibiting the haemolysis sheep red-cells 
rabbit anti-A serum and complement, relatively 
stable and susceptible more accurate assay. 
The serological properties the A-substance are 
not destroyed solution R.T. between 
and 7:0. Heating with acetic acid 100° for 
hr., however, brings about almost complete 
inactivation measured the power the 
substance inhibit agglutination and the same 
time gives rise material which shows 
enhanced capacity inhibit sheep cell haemolysis. 

During the hydrolysis the reducing power the 
A-substance, expressed glucose, increases from 
less about 10%. The reddish purple 
colour developed treating the solution with 
100° for few minutes followed 
the addition 
reagent, increases from initial value 10% 
value equivalent about 13% N-acetyl- 
glucosamine. After hr. heating the hydrolysis 
products can separated into material 
weight) which diffuses through Cellophane 
membrane (see Morgan, 1946) and indiffusible 
moiety. The latter material shows significant 
power inhibit agglutination but possesses five- 
fold increase activity, weight basis, and 


measured the haemolysis inhibition test. The 
diffusible material, without further hydrolysis, 
gives reduction (as glucose), contains 
and develops colour, after treatment with 
and Ehrlich’s reagent, equivalent 
the membrane shows dextro rotation 
possesses small reducing power only 


contains 66% and gives colour’ 


reaction for N-acetylhexosamine equivalent 
N-acetylglucosamine. 

The diffusible and indiffusible materials 
after hydrolysis with yield maximum 
values for reduction (a, 32%, 46%), hexos- 
amine (a, 16%, 39%) and amino acid 
the two amino-sugars believed present the 
A-substance (Aminoff Morgan, 1948) into one 
the fractions. Chromatographic examination re- 
veals that the major part the passes 
into the diffusate thus indicating that this compo- 
nent readily removed from the A-mucoid and 
therefore not intimately associated with the 
structure responsible for the serological property 
inhibiting sheep cell haemolysis. The diffusible 
components appear free from leucine and 
isoleucine and possibly from proline, and contain 
small fraction only the total hydroxyamino 
acids. 

The undegraded A-substance gives reaction 
with pneumococcus Type XIV horse serum whereas 
the indiffusible material precipitates slightly with 
this immune-body (see also Kabat, Baer, Bezer 
Knaub, 1948). 
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believed that closer study the essential 
constituent the indiffusible material which 
responsible for inhibiting the haemolytic action 
the anti-A serum, will reveal the nature the 


structure associated with this property and thus 
provide useful approach the larger problems 
the nature heterogenetic antigens and haemolysis 
immune serum. 
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Volatile Metabolic Products Endoconidiophora coerulescens Miinch. (introduced 
(Division Biochemistry, London School Hygiene and Tropical Medicine) 


The fungus coerulescens, one 
the agents causing ‘blue stain’ sapwood 
coniferous timbers, produces culture odour 
resembling that ester one the higher 
alcohols, e.g. amyl acetate. The work now described 
was undertaken order identify the odorous 
constituents. 

The fungus was inoculated into ninety-two flasks 
each containing aqueous malt extract 
(4%) and incubated 24° for days. The volatile 
products were obtained steam distillation the 
total flask contents, followed ether extraction 
the aqueous distillate. After removal ether the 
colourless residual oil was subjected distillation. 
Two main fractions, both liquid, were thus ob- 
tained 


Fraction b.p. mm., 0-65 
Fraction II: 173 -176°/764 mm., 4-48 


hydrolysis afforded isobutyl alcohol and acetic 
acid characterized the 3:5-dinitrobenzoate and 
the ester respectively. 

Fraction consisted part unsaturated 
carbonyl compound, C,H,,0. gave characteristic 


Pummerer, R., Socias-Vifials, (1936). 
Ber. chem. Ges. 69, 170. 


Organic Chemistry, The University, Leeds 


Methionine and bread cultures 
Scopulariopsis brevicaulis Saccardo (Strain 
Washington no. 580 Nat. Coll. Type Cultures) 
give methylthiol. Some this methylated 
dimethyl sulphide (Challenger Charlton, 1947). 
This fission may reductive hydrolytic 
involve elimination CH,S— with 
atom. Alternatively, oxidative deamination may 


crystalline derivatives, namely, the 2:4-dinitro- 
phenylhydrazone (orange needles, m.p. 87°) and 
the semicarbazone (needles, m.p. 
dence the constitution this product was 
obtained degradation with ozone and oxidation 
with Ozonization chloroform gave 
rise acetone, laevulaldehyde, and glyoxal 
(cf. Pummerer, 1936), 
whilst oxidation with followed 
(Tiemann Semmler, 1895) gave acetone and 
laevulic acid. These reactions indicated that the 
product was 2-methylhept-2-en-6-one, 


When the dinitrophenylhydrazone and the semi- 
carbazone the fungal metabolic product were 
compared with the corresponding derivatives 
authentic naturally occurring methylheptenone 
they were found have the same melting point 
and gave depression mixing. 

The odour methylheptenone has been described 
resembling that acetate. The two volatile 
products isolated, isobutyl acetate and methyl- 
heptenone, are probably the main contributors 
the odour the fungus culture. 
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The Elimination Methylthiol and Dimethyl Sulphide from Methylthiol- and Dimethyl- 
sulphonium compounds Moulds. CHALLENGER and (Department 


give the CH,SCH,CH,COCOOH (I) 
(obtained Borek Waelsch (1941) from methio- 
nine and liver kidney slices) and 


(II), which yields methylthiol with yeast and 


sucrose (Garreau, 1944). (I) gives methylthiol with 
hot acid alkali (Waelsch Borek, 1939), but 


c-2 


| 
is, 
als 
re- 
po- 
the 
ble 
ain 


find that (Parrod, 1947) stable under such 
conditions. acid (II) 
yields methylthiol sulphide (giving 
Czapek-Dox cultures brevicaulis. 
acid (I) yields methyl- 
thiol bread cultures. These keto-acids may 
course reaminated methionine and S-methyl- 
cysteine prior fission. 
acid, CH,SCH,CH,COOH also gives CH,SH 
and bread cultures brevicaulis and 
CH,SH cultures glucose-Czapek-Dox medium. 
such decomposition occurs with 


bread cultures (Challenger Charlton, 1947). 
Here elimination C,H;S— with 
atom impossible. Control aspiration experiments 
with (IT) and sterile bread gave volatile 
sulphur compound. (I) gave CH,SH 
but slight deposit the HgCl, seemed due 
presence some This under 
investigation. 

methiodide gives but 
CH,SH bread cultures brevicaulis (Chal- 
lenger Charlton, 1947). Presumably therefore 
the C—S— fission methionine does not proceed 
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through sulphonium salt. With 
notatum bread and glucose-Czapek-Dox 
Simpson (1947) isolated the thetine derivative 


(III) from the marine 
fastigiata which, doubt, pro- 
vides the sulphide which the alga evolves 
air (Haas, 1935). Owing the biological im- 
portance sulphonium derivatives (du Vigneaud, 
1942-3; Maw Vigneaud, 1948; Dubnoff 
Borsook, 1948) and sulphoxides (Stoll Seebeck, 
1948; Reichstein, 1936) the behaviour such 
compounds cultures Scopulariopsis brevicaulis 
and Penicillium notatum has been studied. The 
thetine hardly attacked Scopulariopsis 
brevicaulis but more readily Penicillium 
the isomeric «-derivative (IV) gives dimethyl 
sulphide with either mould. 

Dimethylthetine bromide (V) gives volatile 
sulphur compound, whereas diethylthetine bromide 
(VI) readily gives diethyl sulphide with Scopulari- 
opsis brevicaulis. None the thetine salts 
shows any appreciable formation sulphide 
with ordinary temperature excepi 
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duced CHALLENGER). (Department Organic Chemistry, The University, Leeds 


number methods have recently been developed 
for the identification and the separation amino- 
acids. Tiselius (1940) introduced the method 
chromatographic adsorption active carbon. 
avoid the difficulties chromatography colour- 
less substances, Karrer, Keller (1943) 
applied amino-acids the method first introduced 
for the separation sugars Reich (1939), using 
the coloured derivatives (or 
shorter azoyl derivatives). Gordon, Martin 
Synge (1943) introduced the method partition 
chromatography, based differences solubility 
acetylamino-acids two immiscible solvents. 
Sanger (1945) applied partition chromatography 
the separation the coloured 
derivatives amino-acids, first prepared 
Abderhalden Blumberg (1910). 


Maw, Vigneaud, (1948). biol. Chem. 174, 
381. 

Parrod, (1947). Bull. Soc. Chim. 14, 113. 

Reichstein, (1936). Helv. chim. Acta, 19, 401. 

Stoll, Seebeck, (1948). Helv. chim. Acta, 31, 189. 

Vigneaud, (1942-3). Harvey Lecture Series, 38, 57. 

Waelsch, Borek, (1939). Amer. Chem. Soc. 61, 
2252 


Karrer’s method has the advantage being 
based the adsorption properties which are more 
selective than the differences solubility, and 
using coloured derivatives, that the separa- 
tion may controlled following visually the 
development the chromatogram. However, the 
instability acid hydrolysis amino-acid esters 
general, and the esters particular, 
constitutes serious obstacle their employ- 
ment the study many problems protein 
constitution. 

known that contrast the N-carboxyl 
esters, the N-sulphonyl esters are stable acid 
hydrolysis, and that the amino compounds can 
recovered from -such esters. Having prepared 
N-azobenzene-p-sulphonyl derivatives (briefly 
called sulphazoyl derivatives) some amino- 


174, 


itro- 


more 

and 
the 
the 
ploy- 


acid 
pared 
ly to 
mino- 
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acid esters, find that they can 
adsorbed suitably prepared alumina. 

The sulphazoyl derivatives were prepared 
reaction azobenzene-p-sulphonyl chloride with 
esters pyridine. 

The alumina for adsorption was prepared 
treating aluminium oxide with 10% solution 
acetic acid methanol. 

methyl ester (m.p. and mg. sulpha- 
ester (m.p. dissolved 
chloroform, was passed through column 
formed slurry alumina (120 g.), and 0-1% 
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chromatogram was developed with the 
methanol/benzene solution. Each band was finally 
removed, and the adsorbed compounds were eluted 
with acetone. After evaporation the acetone the 
melting points showed that the two esters had been 
separated. The appearance the final chromato- 
gram, and the weights the recovered compounds 
were follows: 


colourless 
deep orange 


mm. 
colourless 


mm. 
mm. 


37mg. SA-glycine 
ester, m.p. 


methyl 


400 mm. When all the solution the sulpha- 20mm. light 
zoyl esters had been added the column the 50mm. deep 
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Amino-acid Decarboxylases Lactobacilli. 


Amino-acid decarboxylases have not far been 
recorded lactobacilli. Six such enzymes have 
been described other organisms, and, these, 
the enzymes specific for lysine, tyrosine, arginine, 
ornithine and glutamic acid have been shown 
require pyridoxal phosphate co-enzyme (Gale, 
1946). The histidine decarboxylase Cl. has 
not been resolved otherwise demonstrated 
require pyridoxal phosphate (Epps, 1945). 

number strains the genus Lactobacillus 
producing large amounts histamine culture 
were isolated from horse-stomach contents. Washed 
suspensions these organisms actively decarb- 
oxylate histidine, lysine and ornithine. 

The histidine decarboxylase may extracted 
from acetone-dried cells autolysis 
Attempts resolve the histidine decarboxylase 
into specific apo-enzyme and prosthetic groups 
were unsuccessful. 

Pyridoxin essential growth factor for these 


Chemical Microbiology, University Cambridge) 


Reich, (1939). Biochem. 33, 1000. 

Sanger, (1945). Biochem. 39, 507. 

Tiselius, (1940). Ark. Kemi Min. Geol. 14B, no. 
Tiselius, (1943). Kolloidzschr. 105, 101, 177. 


(From the M.R.C. Unit for 


organisms, and the effect pyridoxin deficiency 
the formation the complete enzymes was 
investigated. The lysine and ornithine decarboxylase 
medium was almost abolished, whereas histidine 
decarboxylase activity was found slightly 
greater pyridoxin-deficient cells. 

The concentration pyridoxin the medium 
necessary for maximal ornithine and lysine de- 
carboxylase activity more than 1000 times 
greater than that required for maximal growth. 
The formation the apo-enzyme the ornithine 
decarboxylase not greatly affected moderate 
pyridoxin deficiency, and the activity washed 
cells grown under these conditions was found 
increase (after latent period) when the suspensions 
were tested the presence relatively high 
concentrations pyridoxal. The duration the 
latent period varied with the concentration 
pyridoxal, and the pH. 
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The Effect Anterior Pituitary Extract the Metabolism Isolated Rat Diaphragm. 


University College, London) 


Studies the effects anterior pituitary extracts 
(APE) vitro animal metabolism have been 
largely confined experiments with isolated 
enzyme systems (Colowick, Cori Slein, 1947), and 
attempts show effect extracts added 
vitro intact tissues have given inconclusive 
results (Riesser, 1947). Our experiments have 
shown that while APE per does not exert 
marked influence the metabolism isolated rat 
diaphragm, abolishes the increased uptake 
glucose from liquid medium containing insulin 
(Gemmill Hamman, 1941; Stadie Zapp, 1947). 

For this purpose half-diaphragm, before being 
incubated phosphate medium containing 
glucose, was incubated for half-hour period with 
APE 37°; control half was incubated under 
similar conditions with 0-9% saline. The effect 
found was not unspecific effect protein, since 
incubation with extracts muscle protein did not 
abolish the increased glucose uptake the presence 
insulin. 


Under the usual experimental conditions (ef. 
Gemmill Hamman, 1941) insulin promotes 
increase glycogen synthesis, but this increase 
not found normal rat diaphragm which has been 
incubated either with saline with APE. the 
end the half-hour period, however, the glycogen 
content diaphragm incubated with APE 
significantly lower than that incubated with saline 
Nelson, 1944). Moreover, the APE-incubated 
diaphragm shows lower glycogen content after 
incubation with high (4, mg./ml.) concentrations 
glucose, but not with lower concentrations. 

diaphragm from adrenalectomized rats 
increased synthesis glycogen with insulin does 
occur after preliminary incubation with saline. 
increase shown after incubation with APE. The 
glucose uptake diaphragm from adrenalecto- 
mized rats generally high level (Krahl 
Cori, 1947), and the increased uptake the 
presence insulin still abolished APE 
incubation. 
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(Courtauld Institute Biochemistry, Middlesex Hospital Medical School, 


Digestion insulin with chymotrypsin results 
the formation number peptides molecular 
weight 800, and residual core molecular 
weight 5000 (Butler, Dodds, Phillips Stephen, 
1948). These cores have been shown electro- 
phoresis and diffusion substantially homo- 
geneous; the dinitrophenyl derivative runs 
paper chromatogram one main spot, and trace 
second which possibly dinitrophenol. The size 
the core, however, apparently depends the con- 
centration enzyme used, further digestion can 
effected treatment with more chymotrypsin. 

After oxidation the method Toennies 
Homiller (1942), used Sanger (1947) for insulin, 
the electrophoretic pattern the core shows the 
presence three four constituents. These are also 
indicated paper chromatography. Oxidation 
the yields two fractions, one soluble and 
the other insoluble dilute formic acid. The acid- 
insoluble portion can dissolved dilute am- 


monia, and after neutralization with acetic acid 
separable starch-water column into three 
bands, similar those obtained from the soluble 
portion. 

DNP-cores have also been examined for their 
terminal amino groups the method Sanger 
(1945). Terminal glycine, valine and histidine have 
been identified three different cores, and 
terminal group lysine two out three. 
Ratios vary slightly from core core, suggesting 
different degrees digestion. 

The distribution aromatic amino-acids between 
the precipitable core and the peptides the filtrate 
has also been investigated. Phenylalanine deter- 
mined the Hess Sullivan method (1944) 
present hydrolysates the core and filtrate 
the proportion Tyrosine determined 
directly the reagent (1927) 
distributed three four residues the core, and 
five six the filtrate. These results support the 
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hypothesis that the chymotrypsin has acted 
the peptide bonds involving the carboxyl group 
aromatic amino acid and the amino group 


xli 


another amino acid, accordance with the 
specificity assigned Bergmann Fruton 
(1941). 
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Diffusion Hydrogen Ions through Isolated Gastric Mucosa. (Medical Research 
Council Unit for Research Cell Metabolism, Department Biochemistry, The University, Sheffield) 


generally believed that the secreted the 
oxyntic cell with the blood, and that the 
variations the acidity found the juice 
are due subsequent dilution and neutralization 
other secretions (see Babkin, 1944). Teorell (1933) 
rejected this view and suggested that back diffusion 
ions through the gastric mucosa the main 
cause the variations. 

test this, manometric experiments were carried 
out study the diffusion ions through iso- 
lated gastric mucosa frogs and toads 
apparatus described Davies Terner (1948). 
thirty-five experiments solutions 
(total concentration 0-12 were placed contact 
with the secretory sides 0-5 cm.? sheets isolated 
which were incubated bicarbonate saline 
25-0°. With non-secreting mucosae output 
CO, addition the normal respiratory exchanges 
was observed which decreased exponentially with 
time agreement with Teorell’s findings. Teorell’s 
(1947) equation =H, was shown apply 
acidity (mm), H=acidity time 
volume (ml.) the added solution, 
c=‘permeability coefficient’). nine aerobic 
experiments with 0-1 for 0-5 sheets 
isolated mucosa average thickness mm. was 
from 10-4 13-0x 10-4 ml. (average 
9-0 standard deviation 2-7 Similarly, 
seven experiments with 0-05, 0-02 and 
(average 7-0 standard deviation 2-9 
There was, therefore, significant difference the 


values obtained with these concentrations 
HCl. The average diffusion constant for these 
mucosae calculated from the average value was 
0-08 10-5 (The diffusion coefficient 

Electrometric titrations the HCl solutions after 
the incubation showed reduction acidity equi- 
valent the amount CO, which had been evolved 
from the bicarbonate saline excess the respira- 
tory exchanges. Similar results were obtained with 
anaerobic mucosa, dead pig bladder and Cellophane. 

aerobic mucosa contact with 0-02 
0-05 the output CO, stopped after stimu- 
lation histamine, and the subsequent uptake 
CO, indicated that HCl was being secreted (see 
Davies, 1948). Addition ml. 0-15 
ml. 0-12 already contact with acid- 
secreting mucosa resulted decrease the CO, 
uptake followed later output although 
fluid secretion continued slower rate. 

experiments with tied bags gastric mucosa, 
using the technique Davies (1948), back diffusion 
secreted HCl was observed when secretion had 
stopped, but the rates diffusion were only about 
one-fifth those observed the experiments 
described above. 

These results show that diffusion ions can 
occur through living isolated gastric mucosa. The 
quantitative significance diffusion normal 
mucosa is, however, still uncertain, since the rates 
diffusion are influenced experimental 
conditions. 
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Chemical Energy Relations Gastric Mucosa. Eva and (Medical 
Research Council Unit for Research Cell Metabolism, Department Biochemistry, The University, 


Sheffield) 


order study the relation between the 
energy liberated metabolism and the energy 
utilized during functional activity, measurements 
were made the average increases 
Qo, and, the dry wt./hr.) following 
histamine stimulation each thirty-three 
isolated frog gastric mucosae phosphate saline 
gassed with 100% (for technique see Davies, 
1948). 

Under conditions obtaining acid-secreting frog 
oxyntic cells, the minimum free energy needed 
produce the and ions together with the 
water the secretion has been calculated 
about 1-0 cal./g.mol. HCl. 

The free energy from glucose oxidation which 
available for secretion unknown but some esti- 
mates can made. Two possibilities are discussed. 
(A) all the free energy the overall reactions 
between glucose and available, then for the 
secretory units Qo, cannot greater than 
11-5. (B) the free energy the reactions between 
glucose and ferricytochrome-c only available 
then energy dissipated the 
later stages the oxidations, and for the secre- 
tory units cannot greater than 
6-0. 

electron-cycle mechanism (Crane, Davies 
Longmuir, 1948) has been for the utiliza- 
tion this metabolic energy (perhaps 
energy phosphate bonds) secretion. 
possible’ supplementary process for the production 
and ions oxyntic cells (suggested 
independently Robertson (1948)) the reaction 
with substrate atoms, via cytochrome 
oxidase and the cytochromes, form and 


instead H,O. The overall reaction for glucose 
oxidation then 

and this process alone (C) Qo, for the 
secretory units. the increase metabolism after 
histamine provides the power used for acid secretion, 
then the ratio 


mean for the period increased 
respiration after histamine 


mean increase for this period 


the same for the whole mucosa for the secretory 
units. The results presented show that, within 
experimental error, this ratio <11-5 for all 
thirty-three mucosae, <6-0 for only half the 
mucosae and for only one-third them. 

The thermodynamic efficiency production 
appears remarkably high; the basis (A) 
50% more for about two-thirds the 
mucosae used; either (B) (C) alone gives many 
results over 100%. may that part the 
energy some the ions from the unstimu 
lated respiration can utilized for acid secretion, 
which case (B) even (C) alone may not 
excluded, since the mean the mucosa for 
the whole experiment was never greater than the 
mean Q,,. This result expected when phosphate 
saline used (Davies Longmuir, 1948). 

Maximally secreting mammalian oxyntic cells 
can have values greater than 1000. For 100% 
efficiency —87 required assuming (A), 
170 assuming (B) and 250 assuming (C) alone. 
These high values, which must exceeded the 
cells are less than 100% efficient, show that they 
are among the most active mammalian cells known. 
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Electric Energy Relations Gastric Mucosa. Eva (Medical Research 
Council Unit for Research Cell Metabolism, Department Biochemistry, The University, Sheffield) 


When isolated frog mucosa commences 
secrete HCl, its capacity external electrical 
work decreases (Crane, Davies Longmuir, 
Moreover, electrical energy supplied external 
source power can apparently utilized acid- 
secreting mucosa (Crane, Davies Longmuir, 
attempt has therefore been made 
correlate the electrical and biochemical energy 
relations HCl secretion. 


The table gives data for average isolated frog 
gastric mucosa 25-0°. The latent electric power 
the maximum the mucosa might 
expected expend (see Crane al. Since 
cal./sec. W., for non-secreting mucosa this 
represents (A) (B) the metabolic 
power the whole mucosa (see Crane Davies, 
1948). During HCl secretion the latent electric 
power lower dry wt. Since the 
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dry wt. more than the maximum 
which might available from the latent electric 


Table Physical and metabolic data for average 
isolated frog gastric mucosa 25-0°, thickness 
0-25 mm. and dry wt. holder, 9-5 mg. 


Value Value 

before 

HCl HCl 

Variable secretion secretion Change 
dry wt./hr.) 2-0 2-0 
Potential difference (mV.) 

Latent electric power, i.e. 6-45 


for mg. 
dry wt. (uW./mg. dry wt.) 


secretion would provide (B) 


dry wt. This would imply efficiency 
least 39% (A) 75% (B) the utilization 
energy from the increase the rate respiration. 

When enhancing current passed through 
isolated frog gastric mucosa secreting HCl, 


the increases (Crane al. 1948b). With 
the average increase was 
1-0; this requires additional power 0-5 
dry wt. The power taken from the external source 
cannot calculated until the mechanism energy 
transfer more fully understood, but some esti- 
mates can made. According the electron-cycle 
mechanism HCl production, electron trans- 
ferred across system for each 
and ion secreted (Crane al. 1948a). This 
process could expedited the potential dif- 
ference maintained across the secretory units 
enhancing current. 

For given mucosa the proportional 
the rate transport ions (and electrons). 
Assuming that this rate proportional the total 
potential difference across the units, the calculated 
increase agrees with the experimentally 
observed value. The power required maintain 
this enhanced potential difference least (1) 
that needed overcome the resistance the 
mucosa (Joule effect), dry wt. for 
the average mucosa secreting HCl, and (2) that 
needed overcome the e.m.f. the mucosa, i.e. 
dry wt. The average overall efficiency 
the process would thus about 10%. 
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The Thyreid Gland and Carotene and Vitamin Metabolism. (Department 


Biochemistry, The University, Liverpool) 


The work Drill Truant (1947), Canadell 
Valdecasas (1947), and Johnson Baumann (1947) 
indicates that either thyroidectomy treatment 
with thiouracil impairs the ability rats convert 
carotene into vitamin Johnson Baumann also 
showed that desiccated thyroid counteracts the 
effect thiouracil, and that hyperthyroid animals 
convert carotene into vitamin more efficiently 
than normals. The thyroid hormone the drug 
may act directly the enzyme system concerned 
indirectly affecting the stability carotene 
the digestive tract controlling the efficiency 
absorption carotene. attempt being made 
resolve these uncertainties. 

Absorbed carotene converted into vitamin 
the gut wall (see, for example, Glover, Goodwin 
Morton, 1948) and animals such goats and 
rabbits this process apparently efficient that 
carotene never appears the blood (Goodwin 


Gregory, 1948). Inhibition the enzyme system 
not accompanied reduced absorption reduced 


Table Vitamin blood levels rabbits dosed with 
either thiouracil desiccated thyroid 


Blood vitamin levels 
ml. plasma) 
Days after beginning 
administration drug 


Control 138 154 148 159 142 
per) 171 166 172 149 143 
desiccated 127 148 126 123 121 


thyroid per day for 
days 


intestinal stability carotene should result the 
appearance carotene the blood. Adult rabbits 
maintained carotene-rich diet, were treated for 
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weeks with thiouracil and their blood examined 
periodically for carotene; occasion was caro- 
tene found. thiouracil has effect the 
stability carotene vitro (Cama Goodwin, 
1948), the possibility exists that the primary action 
thiouracil the absorption carotene. 
Experiments test this are hand. 

The plasma vitamin levels the animals just 
considered and similar animals treated with 
desiccated thyroid were also significant 
variations were recorded any group (Table 1), 


and intermediate metabolites (e.g. retinene) 
were detected. 

Whatever the action the thyroid hormone 
vitamin metabolism per does not appear 
control the system maintaining the equilibrium 
between plasma and liver vitamin levels (Glover, 
Goodwin Morton, 1947). This fact suggests that 
the diagnostic value vitamin plasma levels 
cases suspected thyroid imbalance little 
value; can also account for the conflicting clinical 
reports (see e.g. Drill, 1943). 
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The Role Thyroglobulin and Iodinated Casein the vitro Conversion Carotene into 
Vitamin Cama and Goopwin. (Department Biochemistry, The University, 


Liverpool) 


Kaplansky Balaba (1946) have reported that 
carotene converted into vitamin incubating 
colloidal solutions carotene with aqueous solutions 
either thyroglobulin iodinated casein; boiled 
solutions the proteins are ineffective. The impli- 
cations such reaction the study vitamin 
metabolism are important that investigation 
the Russians’ claim has been undertaken. Their 
experimental details have been followed closely 
possible but they are somewhat scanty. 
conversion was ever demonstrated but colloidal 
solutions when incubated alone 
with boiled unboiled thyroglobulin iodinated 
casein undergo considerable stereoisomerization. 
This isomerization alters the absorption spectrum 
and results the formation ‘cis’ 
peak 335 (Zechmeister, 1944). This band 
could conceivably mistaken for the vitamin 
band (328 and further evidence, such that 
provided the colour test, necessary even 
then care must taken avoid mistaking the 
vitamin ‘blue’ for the ‘blue’. 


Kaplansky Balaba state that both ultra-violet 
and tests were carried out, but indication 
the instruments used are given. 

the present investigation the correction pro- 
cedure Morton Stubbs (1946) was applied 
the ultra-violet absorption spectra incubated 
solutions measured Beckman photoelectric 
spectrophotometer; none the spectra was 
‘correctable’ for vitamin Using the Hilger- 
Nutting spectrophotometer, which the 
colours vitamin and can easily 
distinguished, the absence vitamin 
confirmed. 

After such negative results the investigation was 
expanded series experiments carried out 
under varying pH, incubation temperatures and 
times; freshly minced bullocks’ thyroids were 
also used. Vitamin formation was never demon- 
strated. 

The stability incubated colloidal solutions 
was unaltered the addition 
thiouracil. 


REFERENCES 


327. 


Morton, Stubbs, (1946). Analyst, 71, 348. 
Zechmeister, (1944). Chem. Rev. 34, 267. 


PROCEEDINGS THE BIOCHEMICAL SOCIETY 


xlv 


(Medical Research Council Unit for Research Cell Metabolism, Biochemistry, The 


University, Sheffield 10) 


previously shown, cetyltrimethyl ammonium 
bromide (cetavlon) accelerates the decarboxylation 
glutamic acid and the deamination glutamine 
suspensions and cell free extracts Cl. 
(Krebs, 1948; Hughes, 1948). study the cause 
this acceleration the properties the glutaminase 
have been investigated. 

The activity the glutaminase was determined 
measuring the NH, formation mixture 
containing 0-01 0-1 buffer, 
5-0, 0-025 m-KCl and the enzyme material. The 
rate glutamine hydrolysis expressed 
(ul. dry wt./hr.). 

centrifuged cells Cl. (Str. 107) 1490 
from 500 medium grown for the preparation 
were available. These were dried over 
and extracted with vol. borate-KCl buffer 
8-5. Thesupernatant, after extraction, contained 
80% the original activity. This was further 
fractionated precipitation 7-0, and 
The precipitate obtained 4-1 contained 
the dry weight and the glutaminase 
activity the original cells. was 1300 
compared with 350 for the starting material. The 
purified enzyme was soluble phosphate buffer 
but not lower pH. 

Dialyzing washing the precipitated enzyme 
with water, resulted the almost complete loss 
activity. This couid fuily restored NaCi 
KCl Other anions replaced Cl’ the 
following order effectiveness: 


The glutaminase the cells used for the prepara- 
tion the purified enzyme was not accelerated 


cetavlon. Apart from belonging different 
strain, the cells differed from those which had been 
previously used having been harvested after 
5hr., compared with 16hr. incubation the 
previous work. This suggested that the age the 
culture determined the cetavlon effect. The table 
shows that this the case. also shows that 
although there was further growth after 
the glutaminase activity continued increase. 
About two-thirds the glutaminase activity the 
cells harvested 134 hr. was formed after growth 
had stopped, and thus appears that cetavlon acts 
only the enzyme formed after cessation 


Age culture and glutaminase activity 


Cl. welchii (Str. 107) 1490 


(Cells grown 37° casein-meat-glucose medium, 
washed once with saline.) 


Dry wt. 
Time cells Without 
0-43 112 154 
0-43 156 212 
0-40 256 425 
growth. cetavlon effect could induced 


washed young cells suspending them buffers 
4-0 5-0 for 40°. This treatment 
abolished the original activity, and cetavlon 
restored this. The activity the purified enzyme 
was not increased, but inhibited cetavlon. 
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The Effect Fats and Fatty Acids Lactobacilli Used Microbiological Assays. 


Norris and (Department Industrial Fermentation, University Birmingham) 


The present investigation arose from studies 
biotin content ungerminated and germinated 
cereals. minor modifications the method 
assay biotin Barton-Wright (1946), improved 
response curves using Lactobacillus arabinosus 17/5 
were obtained. The casein hydrolysate used the 
medium was standardized contain 10%N 
(Kjeldahl). Increased buffer action the medium 


was effected raising the concentration sodium 
acetate from 0-6 0-9%. 

the assay cereal products became evident 
that the most serious cause trouble was the 
presence fats the original material fatty 
acids the prepared extracts, reported and 
discussed number workers. general, the 
presence these substances inhibits the activity 
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the assay organisms and causes downward ‘drift’ 
assay results increasing vitamin dosage levels. 
The problem complex and may involve both 
chemical and physical effects. 

the biotin assay, using oils prepared from 
cereals, other vegetable oils, and animal oil such 
cod liver oil, was found that, after initial 
stimulation the basal vitamin level, there was 
change over inhibition higher vitamin levels. 
The degree inhibition appeared increase with 
increasing iodine number the oils. With the fatty 
acids themselves, saturated acids—palmitic and 
stearic—behaved similarly the oils, whereas 
unsaturated acids—oleic 
considerable stimulation, irrespective vitamin 
level. 

difficult reconcile these results with 
offered hitherto. Since unsaturated 
acids play important part probable that 
labile oxidation-reduction systems are involved. 
seems unlikely, however, that the influence redox 
potentials bacterial growth, propounded 


Knight Fildes (1930), involves stimulation 
inhibition depending vitamin concentration. 
Again, our results not lend themselves 
complete support the suggestions Kodicek 
Worden (1945). large number experiments 
helveticus were carried out similar lines 
those proposed Kodicek Worden. Although 
confirmation some their results was obtained, 
was found that, ‘unextracted’ medium, 
oleic acid did tend inhibit growth, although some 
‘protection’ against this inhibition was afforded 
fatty substances the medium. was also found 
that the organisms were first allowed attain 
active growth normal media, subsequent addition 
unsaturated acids produced but slight effect. 
thus difficult accept the suggestion Kodicek 
Worden that the action physico-chemical and 
due the formation inhibitory mono-layer 
fatty acids round the bacteria. thought that 
alternative suggestion these workers more 
probable, namely, that these acids have direct 
chemical action the metabolism the bacteria. 
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The Effect Phosphate Periodate Oxidation some Carbohydrates. 
ANNE and (Biochemical Laboratory, University Cambridge) 
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The 270th Meeting the Biochemical Society was held the London School Hygiene and Tropical 
Medicine, Keppel Street, London, W.C.1, Saturday, October 1948 and took the form 
Symposium Partition Chromatography and its Application Biochemical Problems’. 


COMMUNICATIONS 


Introductory and Theoretical Aspects. (Lister Institute Preventive Medicine, 


London, S.W.1) 


Purification processes may classified into 
(a) separation already preexisting phases, e.g. 
filtration; (b) distribution between phases followed 
separation the phases processes described 
under (a); establishment concentration 
gradient difference some diffusional process, 
followed separation regions high and low 
concentration some particular component. 

Purification processes belonging any the 
above classes may applied means appro- 
priate apparatus counter-current manner. When 
the enrichment obtainable single simple opera- 
tion small, useful separation, i.e. large factor 
enrichment well high yield, may thus 
obtained. The chromatogram utilizing filtration 
and distribution between two phases perhaps 
the most elegant example the counter-current 
process. 

the separation two components 
distribution between phases the enrichment factor 
measure the difference between the amounts 


energy required move the two components 
from one phase the other. first approxima- 
tion given group any molecule may assumed 
require characteristic amount energy 
transference between given pair phases. 
Analogies can drawn for partition between 
liquids, adsorption solids and possibly crystal- 
lization, ionic, hydrogen bonding and Van der 
Waals forces, etc., playing easily recognizable roles. 
many cases difficult and even meaningless 
draw sharp distinction between adsorption and 
partition chromatograms. 

chromatograms elution development, front analysis 
displacement development can used. Dis- 
placement development has advantages the mass 
material that can handled. far, change 
has been the effective agent causing dis- 
placement, but other possibilities exist, e.g. associa- 
tion with hydrogen-bonding groups. 


Applications Partition Chromatography Studies Protein Structure. 


(School Biochemistry, University Cambridge) 


The most important problem before the protein 
chemist to-day the elucidation the order 
which amino-acids are arranged protein mole- 
cule, and this can probably only solved 
investigating partial degradation products 
proteins. The fine resolving power partition 
chromatographic methods making possible the 
study these extremely complex mixtures 
amino-acids and peptides. 

The method paper chromatography facilitates 
the rapid identification any the naturally 
occurring amino-acids mixture, and has been 
applied many problems protein structure. 
The determination the monoamino-monocarb- 
oxylic acids fractionation their acetyl 
derivatives silica gel columns was the first 
accurate method for estimating this group. Amino- 
acids can also estimated with considerable 


accuracy after direct fractionation starch 
columns fractionation their radioactive 
derivatives paper chro- 
matograms. 

Paper chromatography has now been extended 
the fractionation simpler peptides and the 
determination their structure. Thus the order 
the residues ‘gramicidin has been shown 
-valyl-ornithyl-leucyl-phenylalanyl-prolyl-, and 
large number dipeptides have been detected 
partial hydrolysates wool. 

method was worked out for the detection and 
estimation the free amino groups proteins and 
peptides using the reagent 1:2:4-fluorodinitro- 
benzene. This method has also been extended 
the separation peptides occupying terminal 
positions the protein chains. 
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Applications Studies Amino-acid and Protein Metabolism. (University 


College Hospital Medical School, London, W.C.1) 


far, only paper chromatographic methods have 
been reported. These appear great value for 
qualitative and rough quantitative analysis 
amino-acid-containing fluids, especially the free 
amino-acids tissue fluids. Several new amino- 
acids exist these fractions and are widely dis- 
tributed in. nature. 

The most useful technical advance has been the 
invention desalting device Consden, Gordon 
Martin (1944). This enables much larger volumes 
solution analyzed the paper, that most 
amino-acids can now readily detected con- 
centration only yg./ml. For purposes 
reference map has been prepared showing the 
positions occupied phenol ‘collidine’ two- 
dimensional chromatograms some amino- 
acids and other ninhydrin-reacting compounds. 

Changes many individual amino-acid concen- 
trations blood, urine and other fluids can 


readily observed simultaneously paper chromato- 
grams. This wide coverage many the possible 
variables essential when the metabolism single 
amino-acids being followed owing the remark- 
able effect that one amino-acid may have thé 
amounts the others present. When the digestion 
and adsorption proteins being studied, changes 
blood amino-acids can provide data the 
likely mechanisms involved, and the avail- 
ability certain amino-acids the protein, and 
whether their rate liberation the gut enzymes 
simultaneous otherwise. 

Five human diseases exist, the nature which 
suggests some connexion with gross error 
amino-acid protein metabolism. These are: 
acute yellow atrophy the liver, the Fanconi 
syndrome, cystinuria, phenylketonuria, and multiple 
myelomatosis. Preliminary work these diseases 
was reported. 


REFERENCE 
Consden, R., Gordon, Martin, (1944). Biochem. 38, 224. 


Application Carbohydrate Studies. (Low Temperature Research Station, 


University Cambridge) 

The introduction partition chromatography 
Martin Synge (1941) and its further development 
Consden, Gordon Martin (1944) the separa- 
tion free amino-acids filter-paper chromato- 
grams opened field for the application similar 
principles the chromatographic separation 
fairly wide range substances other than the 
amino-acids. Thussimplesugars and oligosaccharides 
low molecular weight were separated filter 
paper irrigation with solvents such phenol- 
water, collidine-water acid-water. 
The reaction the sugars with solution silver 
nitrate ammonia solution naphthoresor- 
cinol trichloroacetic acid was used means 
revealing their position the chromatograms. 
When inorganic salts were present the test solu- 
tion, these were first removed treatment with 
ion-exchange reagents (Partridge, 1946, b). 

Interference due electrolytes was studied 


Westall (1948), while Jermyn Isherwood 
(1948) investigated wide range solvent mixtures 
and obtained marked improvement the separa- 
tions irrigating paper chromatograms with ethyl 
acetate-acetic acid-water and ethyl acetate-pyri- 
dine-water mixtures. The selectivity the method 
was also improved Forsyth (1948), who examined 
the colours produced the sugar spots heating 
with various phenolic reagents the presence 
hydrochloric acid. 

Quantitative applications were explored 
Hawthorne (1947) and Flood, Hirst Jones 
(1947). Bell (1944) carried out the quantitative 
separation number methylated sugars 
column silica gel, and Brown, Hirst, Hough, 
Jones Wadman (1948) applied the filter-paper 
technique the identification methylated sugars 
the complicated mixtures resulting from the 
hydrolysis methylated polysaccharides. 
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Partition Chromatography Organic Acids, Purines and Pyrimidines. 
(Department Bacteriology, Sheffield University, Sheffield 10) 


Lester Smith (1942) showed that the silica gel 
partition chromatogram could used separate 
the lower fatty acids, inclusive; chloroform— 
n-butanol mixtures were the solvents, and bromo- 
cresol green was the indicator used. This procedure 
was subsequently put quantitative basis 
(Elsden, 1946) with but minor modifications the 
procedure outlined Lester Smith. For con- 
venience, formic acid was excluded from the 
analysis and acetic acid was estimated dif- 
ference; acetic, propionic and butyric acids could 
always determined accurately and, with excep- 
tional gels, valeric could also estimated. 

Recently, two groups workers have extended 
the method include valeric, hexoic, heptylic and 
octanoic Scarisbrick, Baldwin Moyle (1948) 
used heavily buffered, silica gel columns and 
mixtures the developing 
solvents. Peterson Johnson (1948) used Celite 545 
the carrier with N-H,SO, and benzene the 
polar and non-polar phases respectively. both 
modifications the columns are, necessity, ‘run 
blind’; and both therefore necessitate large 
number titrations for each estimation. 


Isherwood (1946) applied the silica gel column 
the separation and quantitative estimation 
oxalic, malic, fumaric, succinic, tartaric and citric 
acids. The polar phase was made acid (0-5 
suppress ionization the acids and thus tailing 
the bands; mixtures were 
the developing solvents. The columns were ‘run 
blind’, but ingenious technique, involving 
thymol blue external indicator, was employed 
facilitate making the cuts. Special precautions had 
taken the preparation the gel. Lugg 
Overell (1947) have separated somewhat similar 
mixture acids paper; this case formic acid 
was incorporated the polar phase suppress 
ionization; yet the paper method not quanti- 
tative. 

The separation purine and pyrimidine bases 
paper and their subsequent estimation has 
been developed Vischer Chargaff (1947, 
1948) and (1948), thus paving 
the way the quantitative study nucleic 
acids and their derivatives. Crammer (1948) has 
described method for the separation flavine 
nucleotides. 
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Anthocyanins and Flavones. (Low Temperature Research Station, University 


Cambridge) 


earlier note (Bate-Smith, 1948) some details 
were given the chromatography filter paper 
cyanin, peonin, malvin and hirsutin; the corre- 
sponding monoglucosides and anthocyanidins; 
the flavone apiin and its hydrolysis products; and 
constituent dahlia petals presumed the 
chalcone butein. 

was pointed out that the relative distance 
travelled the anthocyanins butanol-acetic 
acid (the value) markedly affected hydro- 
acid, but that there are, nevertheless, com- 
pensating advantages the presence this acid 
the system. This efféct hydrochloric acid has, 
therefore, been explored detail. second solvent 
(phenol-1% acetic acid) has been found give 
satisfactory results with many the substances. 


Anthocyanins. those already 
named, samples synthetic pelargonin and delphin, 
and natural pelargonidin-, cyanidin-, peonidin- 
and delphinidin-3-monosides have been obtained.* 

The anthocyanidins have been prepared (in 
solution) acid hydrolysis the anthocyanins. 
The aglucones, especially cyanidin, are unstable 
when run filter paper unless considerable hydro- 
acid present. HCl-free butanol-acetic 
acid they may disappear completely after several 
hours’ running. the present greatest stability 
has been obtained with butyl alcohol equilibrated 
with 

Fission products anthocyanins. When viewed 
ultraviolet light, when treated with ammonical 

From Mrs Meares. 


silver nitrate for the development reducing 
sugars, chromatograms acid hydrolyzed antho- 
cyanins show numerous spots which from their 
values and from their relation the structure 
the particular anthocyanins can attributed 
products the fission the pyrilium ring. The 
identification these derivatives catechol, 
phloroglucinol, pyrogallol, etc., proceeding. 

Flavones. considerable number pure flavones 
and flavone glycosides have been examined. 
Regularities are apparent the relationship between 
structure and value butanol-acetic acid. 
With increasing OH, the falls. (Quercetagetin 
has value which brings within the range 
the anthocyanins.) With increasing glycosidation, 
except the case rhamnosides, the also 
regularly falls, but the position the sugar residue 
affects considerably the extent the fall. The 
monosides the more usual flavones still fall well 
outside the range the anthocyanins, but the 
biosides and, may anticipated, the diglycosides 
fall within this range. (As was shown, this question 
important the deciphering chromatograms 
plant extracts.) 

The isoflavones irigenin and tectorigenin and 
their glucosides have similar values the 
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corresponding flavones and flavone glucosides, 
but their position the chromatogram can 
only detected spraying with dilute aqueous 

Chalcones. Hydroxychalcones, including butein, 
have values similar those the flavones 
corresponding content. Butein occurs the 
flowers Compositae, rule, mono- and di- 
glycosides, the former (in butanol-acetic acid) with 
approximately the latter, approximately 
within the anthocyanin range. 

Other polyphenolic substances. The simpler poly- 
phenols and their methyl and carboxylic acid 
derivatives show great regularity value with 
increasing substitution. These substances can 
readily demonstrated developing with 
ammoniacal silver nitrate (those with ortho para 
dihydroxy substitution reducing the cold) 
spraying with dilute aqueous ferric chloride. 
number constituents plant extracts have 
already been identified this means, and their 
identity confirmed simultaneous chromato- 
graphy the pure substances. 

positae, Iris and Pelargonium, were shown and 
discussed. 


REFERENCE 
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Partition Chromatography with Stationary Phases other than Water Alone. 
(Imperial Chemical Industries, Limited, Manchester) 


Three main types partition chromatogram are 
described which water alone replaced other 
stationary phases. The first and most generally 
useful employs buffer solutions. The advantages 
and disadvantages .of this type column are 
discussed, and its use the separation and purifica- 
tion the penicillins described. The technique 
should useful several other fields. second 
type column uses solution suspensions 
substance which reacts differentially but irre- 


versibly with the components mixture. This 
type column cannot give complete separations, 
but valuable preliminary concentration 
the constituents complex mixture. suitable 
choice stationary phase comparatively large 
quantities material can conv: eniently treated. 
Finally, few systems can used which both 
stationary and flowing phase are non-aqueous. 
This method, although restricted application, has 
given very useful results particular problems. 


General Review the Applicability the Method and Chairman’s Summing Up. 
(Rowett Research Institute, Bucksburn, Aberdeenshire) 


the course summing up, the following topics 
were briefly discussed. 

(i) Problems the relationship between solvents, 
solute and ‘supporting structure’ and adsorption 
phenomena partition chromatograms. 

(ii) Limitations the molecular size sub- 
stances undergoing separation partition chroma- 
tograms. 

(iii) Possibilities for partition chromatography 
with the stationary phase the less polar one. 


(iv) The proper fields application partition 
chromatography and counter-current liquid extrac- 
tion methods such those Craig and co-workers. 

(v) Molecular characteristics influencing 
choice between adsorption and partition methods; 
improvement separations introducing 
traneous reagents. 

(vi) Implications for biochemistry the speci- 
ficity intermolecular interactions revealed 
chromatographic studies. 
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The 271st Meeting the Society was held the Middlesex Hospital Medical School, London, 
Saturday, December 1948, when the following papers were read: 


COMMUNICATIONS 


(The Lister Institute Preventive Medicine, London and Elstree) 


The action the enzymes present the culture 
supernatant fluids certain strains Cl. 
(type has been examined, using substrates 
preparations blood-group substances animal 
and human origin (see Morgan, 1947). The enzyme 
activities can differentiated heating the 
enzyme material 56° for hr. whereby the activity 
against the group substances and lost. The 
heated solutions, however, are able inactivate the 
serological character (Morgan Watkins, 1948) 
the so-called ‘O’-substance (Morgan, 1946). 

The unit enzymic activity defined the 
amount activity which will bring about the sero- 
solution the group substance hr. 37° and 
7-0. For practical purposes this equivalent 
amount inactivation which lowers the 
inhibition titre four tubes when the usual 
geometrical dilution scale employed. 

Attempts separate the enzymic activities 
fractional precipitation techniques with ammonium 
sulphate organic solvents, the addition 
adsorbents the supernatant culture fluids have 
been largely without success. Similarly, the adsorp- 
tion columns adsorbents was examined but 
useful separation the enzymes was obtained. These 
procedures gave rise considerable purification 


the enzymes and activities the order 150 units 
per mg. have been reached. The enzymic pre- 
parations are unstable unless stored dry 
glycerol solution The optimum for 
the different activities measured was found 
between 5-5 and 5-5; 6-5), and 
significant inactivation the mucoids occurs 
values below 4-0 and above 9-0. The and 
enzymes are more active 45° than 37° when 
tested over hr. period. The high viscosity shown 
preparations the mixed and mucoids 
derived from commercial pig gastric mucin (Morgan 
King, 1943) rapidly destroyed enzyme 
(depolymerase) present the crude Cl. 
filtrates. The depolymerase inactivated after 
heating 56° for and shows optimum 
activity 6-8. Solutions potassium hyal- 
uronate and purified human and H-substances 
are not rendered less viscous this enzyme. 

The lack distinction between the physical pro- 
perties the enzymes interest and could 
surmised that certain groupings the enzymic 
complex which are specific for the B-substance 
for the depolymerising activity, denatured 
56° leaving other groups unaffected and still able 
bring about the inactivation the serological 
character the substrate. 
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Comparative Study the Succinic Dehydrogenase-Cytochrome System Heart Muscle and 
Kidney. (Molteno Institute, University Cambridge) 


Keilin Hartree (1940) reported that kidney (as 
well liver and other organs) did not contain the 
normal cytochrome system which found the 


actively respiring heart muscle, skeletal muscle and 


aerobic micro-organisms. the kidney preparation 
used Keilin Hartree, the bands cytochrome 


and cytochrome found heart muscle, etc., 
were replaced single wider band (with centre 
which was believed the the same 
cytochrome found certain micro-organisms. 
the presence added cytochrome however, 
this preparation actively catalyzed the oxidation 
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succinate. This difference between heart muscle and 
kidney has been reinvestigated, using different 
kidney preparation. 

was found that kidney possesses essentially the 
same cytochrome system found heart muscle 
and there evidence for the presence cyto- 
chrome 6,. seems likely that the wide band 
observed Keilin Hartree due the presence 
denatured protein haemochromogens their pre- 
paration. Similarly, there appears essential 


Table Relative enzyme activities and concentrations 
haematin compounds heart muscle and kidney 
preparations 


All activities based fat-free dry weight 


difference between the succinic oxidase systems 
the two tissues, except that the heart muscle pre- 
paration the more active (Table 1). 

Table shows that both preparations contain 
unknown protohaematin compounds addition 
cytochrome and catalase. The spectrum these 
unknown haematin compounds not directly visible 
these preparations (cf. Keilin, 1926; Slater, 1948). 

The enzyme preparations are colloidal solutions 
particles which are probably derived from some 
subcellular structure the tissue. The Qo, (at 37° 
the cytochrome the heart muscle prepara- 
tion 38,000, which half the activity the 
cytochrome yeast (Keilin Hartree, 1940). 
Cytochrome added solution much less effective 


Heart catalytically than the cytochrome the particles 
Heart muscle the heart muscle preparation. 
muscle Kidney was found that cytochrome involved 
Cytochrome 0-8 succinate, i.e. identical with dehydro- 
hae- 0-64 genase, has been suggested Bach, Dixon 
matin/g. 
Cytochrome +a; (arbitrary (2) itional enzyme, which the true 
units) dehydrogenase, required for this reduction. 
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and Glucuronide Synthesis. 
(Department Biochemistry, University Edinburgh) 


view the relationship observed between the 
activity tissue and the state 
proliferation (Levvy, Kerr Campbell, 1948) 
was considered important find inhibitor for 
thisenzyme. Ofmany including 
several ‘growth far the most effective 
was saccharic acid. Almost complete inhibition 
the hydrolysis phenol glucuronide 
mouse liver kidney preparations was obtained 
with and 50% inhibition with 
Closely related compounds were much 


Keilin, (1926). Proc. roy. Soc. 100, 129. 

Keilin, Hartree, (1940). Proc. roy. Soc. 129, 
277. 

Slater, (1948). Nature, Lond., 161, 405. 


less effective than saccharic acid. evidence has 
far been obtained any action, even massive 
doses, acid growth processes the 
mouse. 

has been suggested, without any direct evidence, 
that responsible for glucuronide 
formation the body (Fishman, 1940). Levvy 
Storey (1948) have developed method for 
measuring glucuronide synthesis mouse-liver 
slices. concentrations saccharic acid 
had appreciable effect this process. 
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and (Department Biochemistry, University Edinburgh) 


The f-glucuronidase activity mouse liver 
kidney has been shown reflect the degree pro- 
liferative activity (Levvy, Kerr Campbell, 1948), 
and was considered that similar relationship 
would explain the rise uterine glucuronidase 
observed Fishman Fishman (1944) after treat- 
ment ovariectomized mice with oestrogens. 
comparative study has been made the effects 
the glucuronidase activities mouse liver, kidney 
and spleen various measures causing proliferative 
changes one more these organs. uterus, 
the other organs examined, increase the 
activity this enzyme appeared associated 
with increased growth. high uterine glucuronidase 
activity was observed infant mice compared 
with normal adults, and the action oestrone the 
enzyme ovariectomized mice could antagonized 
testosterone (cf. Fishman, 1947). The value 
glucuronidase figures biochemical index 
growth was illustrated the discovery new facts 
relating liver and uterus, and with these 
that the present communication particularly 
concerned. 

After injection ovariectomized mice with 1-7 mg. 
oestrone/kg., there was marked rise liver 
glucuronidase. This effect, which was also seen 
normal and castrate males, but not females, 


Bullough, (1946). Philos. Trans. 231 453. 

Fishman, (1947). biol. Chem. 159, 

152, 487. 


Cozymase has been observed unstable many 
biological systems (Harden Young, 1906; Schlenk, 
1945; 1947; McIlwain Hughes, 1948). 
brain tissue Mann Quastel (1941) and Handler 
Klein (1942) showed the loss cozymase due 
system which liberated nicotinamide from the 
coenzyme, and which was inhibited added nico- 
tinamide. Since then many investigators have taken 
precautions prevent the breakdown when using 
systems dependent cozymase, but the break- 
down has not been made the subject studies 
adequate for assessment made its 
significance the normal activities nervous 
tissue. 


was antagonized testosterone, itself without any 
action the liver. Histological examination re- 
vealed great mitotic activity, with little evidence 
damage, livers showing the response oestrone. 
Bullough (1946) found that oestrone stimulated 
mitotic activity many organs the female mouse. 
His experiments were, however, confined normal 
females, and effect was seen liver. 

One week after injection ovariectomized mice 
with CCl,, increases uterine weight and 
glucuronidase activity were observed. That this 
effect was secondary liver regeneration provoked 
the toxic agent was shown further experiments 
which ovariectomized mice were submitted 
partial hepatectomy, with similar results. These 
results can only explained the assumption that 
the body capable producing extra-ovarian 
growth hormone for uterus. this case, there 
obvious need for care interpreting certain experi- 
ments (for example, see Roberts Szego, 1947) 
which the action liver damage and regeneration 
enhancing the effectiveness administered 
their normal metabolism. view the effect 
oestrone liver, hitherto unsuspected complica- 
tion must looked for the action this com- 
pound the uterus the ovariectomized mouse. 
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(Research Laboratory, Maudsley Hospital, London, S.E. 


found the liberation nicotinamide from co- 
zymase tissue preparations from the central ner- 
vous system proceed rates 0-4—1-8 mol./mg. 
dry wt./hr.; this was often greater than the rate 
respiration the tissue. The reaction was ap- 
proaching its maximum velocity the concentra- 
tion cozymase which occurs naturally brain 
tissue (5x half maximum velocity was 
shown less than The process 
resulted the formation equivalent acid 
per molecule nicotinamide liberated. This was 
apparently due the disappearance the pyridi- 
nium ion, and when the reaction was carried out 
buffers its velocity could readily 


liv 
followed manometrically CO, evolution. The 
breakdown was very sensitive nicotinamide; 
10-3 m-nicotinamide reduced the rate breakdown 
The optimum the reaction was was 
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almost unaffected many inorganic salts. The 
system responsible for the reaction remained asso- 
ciated with tissue debris isotonic solutions, and 
was fairly stable 37° but inactivated rapidly 
70°. was easily obtained solution water 
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Physical and Chemical Study Bence- Jones Protein with especial reference its Methionine 
Content and the possible significance this. Dent and (Medical Unit, 


University College Hospital, W.C. 


The urinary protein passed patient with 
multiple myelomatosis has been studied. gave the 
classical heat reactions for Bence-Jones protein 
analysis (by Alling) gave one slightly 
asymmetrical peak migrating with the mobility 
fibrinogen. Salting-out experiments with sodium 
and zine sulphates failed reveal the presence 
more than two constituents which one comprised 
about 90%. 

Analysis the hydrolysate paper chromato- 
graphy (Consden, Gordon Martin, 1944) revealed 
the presence all the common amino-acids except 
methionine and hydroxyproline. Methionine was 
later confirmed absent rat growth experi- 
ments, microbiological assay (by Heath- 
cote), the colorimetric chemical method 
McCarthy and Sullivan modified Horn, Jones 
Blum (1946) and gravimetric chemical 
method (Lugg, 1938; Masters, 1939). Supplementa- 
tion with methionine allowed the protein support 
the growth rats the same rate when they 
were fed casein. 

seems that the absence methionine this 
sample, confirmed for other samples, could provide 
further evidence for the abnormal nature Bence- 
Jones protein. Very few proteins are methionine free 
and all the main fractions human plasma protein 
contain significant quantities (Brand, Kassell 
Saidel, 1944). 

Our patient excreted for some months before 
death about daily what therefore appears 
fairly pure protein. Such large protein pro- 


duction not known occur normal neoplastic 
tissues. The daily output was not related his 
clinical condition the dietary 
intake protein, nor did rise after feeding back 
mouth his own Bence-Jones protein 
addition his normal diet. Other workers have 
failed find Bence-Jones protein normal body 
fluids (Kydd, 1934) bone marrow (Martin, 1947). 
Our methionine analyses also suggest that 
probably foreign the body. 

suggested that the above facts relating the 
protein could explained multiple myelomatosis 
were the result infection virus, which 
stimulated the plasma cells reproduce rapidly, 
the case the white cells fowl leukaemia, 
and Bence-Jones protein were the protein which, 
when attached nucleic acid, comprised the virus 
itself. There are analogies the behaviour known 
viruses which make this theory feasible. They may 
grow rapidly comprise the major portion 
organism (Stanley, 1937), and may produce pure 
protein well nucleoprotein (Markham, Mathews 
Smith, 1948). Further, virus proteins have been 
usually found methionine free (Block Bolling, 
1947, 304; Chandler, Gerrard, Vigneaud 
Stanley, 1947; Knight, 1947). 

the plasma cells myeloma patients treated 
with stilbamidine, Snapper, Mirsky, Ris, Schneid 
Rosenthal (1947) find basophil inclusion bodies 
which they attribute, the basis staining 
reactions, the presence ‘foreign nucleo- 
protein’. believe this could the virus 
question. 
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Institute for Research Dairying, University Reading) 


Utilization acetate liver and kidney small 
animals has been shown various authors (see 
Bloch, 1947). Since ruminants absorb considerable 
quantities lower fatty acids, mainly acetic, pro- 
duced fermentation carbohydrates the 
rumen (see Elsden Phillipson, 1948), the meta- 
bolism acetate ruminant tissues consider- 
able interest. 

have studied the respiratory metabolism 
tissue slices (mainly lactating mammary gland) 
from ruminants, presence acetate, the 
method Dickens Simer (1931) which enables net 
acid production utilization conveniently 
measured. Results far indicate unusual 
ability ruminant liver (sheep, goat) utilize 
acetate with liver. Kidney however 
shows high Qo, with acetate (25-27), much greater 
than with glucose (17), and marked acetate 
utilization which exceeds that rat 
kidney. Lactating mammary gland from ruminants 
also exhibits striking utilization acetate but with 
high contrast gland from the rat and 
mouse which does not appear utilize acetate. 

With substrate, results (each 
determination duplicate) were obtained with 
lactating mammary gland follows: 


Mean for six goats: 
R.Q., 1-20 0-08. 


Values for two cows: 
R.Q., 1-06, 


Mean for six rats: 
R.Q., 0-06. 


contrast, with glucose substrate, which 
utilized with high lactating mammary 
tissue from all non-ruminants (rat, mouse, guinea 
pig, rabbit) far studied (Folley French, 1948; 
and further unpublished work), ruminant udder 
tissue shows little any increase above endo- 
genous values and the low: 


Mean values for ten goats: 
R.Q., 0-02. 
Values for two cows: 
R.Q., 0-64, 0-93. 


Under our conditions lactating mammary tissue 
ruminants appears differ from that non- 
ruminants its ability metabolize acetate rather 
than glucose and the high consistent with the 
possibility that fat synthesized from acetate. 
These results may throw light the origin the 
short-chain fatty acids which are feature 
ruminant milk fat (Hilditch, 1947). part the 
milk fat the ruminant synthesized from acetate, 
theory consistent with the demonstration that 
acetate can built into fatty acid chains the 
body (Rittenberg Bloch, 1945) and with the high 
vivo the ruminant udder (see Folley 
French, 1948), the short-chain fatty acids may well 
intermediates this process. 


Qacia> 1-5, + 0-1; 
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Nicotinic Acid Cereals. The Effect Chemical Assays using Different Blanks. 


Klatzkin, Norris Wokes (1948) found germina- 
tion oats significant increase the nicotinic 
acid content, determined chemical and 
microbiological methods. All the chemical results 
were, however, considerably higher than the micro- 
biological results the same samples. Further 
experiments new series germinated oats 
samples have shown that this material contains 
large amounts interfering substances (occurring 
especially the husk) which are not completely 
removed the adsorption step. Some these 
develop interfering colours addition the amine 
reagent and are thus not allowed for the solution 
blank (Melnick Field, 1940; Dann Handler, 
1941) total reagent blank (Bandier Hald, 1939). 


for both ungerminated and germinated 
oats and wheat, for both which discrepancies had 
been found between chemical and microbiological 
results (James, Norris Wokes, 1947). When using 
the full series blanks such discrepancies 
occurred with oats the early stages germination 
but were much reduced. the other hand, with 
different samples maize the discrepancies were 
altered. the microbiological results had 
been lowered the presence anti-vitamin, 
this would more likely occur oats 
maize. 


Chemical results percentage microbiological results 


The amine blank (Harris Raymond, 1939) Blanks used 
employed cereals Kodicek (1940) makes better 
allowance for the interfering substances, but was and 
found give more variable results, perhaps because Cereal examined reagent 
does not allow for bleaching the interfering Oats, early stages germination 164 131 
colours the cyanogen bromide. employing Oats, late stages 165 106 
full series blanks, more complete allowance can stages germination 
eat, late stages germination 147 102 
made for these interfering substances and the National flour 170 114 
chemical results brought nearer the microbio- Maize samples) 196 181 
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Retinene, from fresh water fish retinas (Wald, 1937) 
colour test). 

Morton, Salah Stubbs (1946) prepared retinene, 
from the unsaponifiable fraction ling cod liver oil, 
which rich vitamin Ag, and similar preparations 
have been made from pike liver concentrates. 

feeding retinene, rats (Morton, Salah 
Stubbs, 1947), the use aluminium isoprop- 
oxide (Ponndorf reaction) vitamin produced. 
Retinene, (prepared chromatography mixtures 
containing much retinene,), shows 405mp 
1300 and the colour test 
drifting slowly 705my min.). 

0-24 ml. light petroleum, slowly cooled 


170°, yielded red oil from which the solvent was 
decanted. The oil was dissolved fresh light 
petroleum and again cooled very slowly, yielding 
tiny orange crystals m.p. 57° 1320 
petroleum the melting point rose 59°, 1420. 
Further recrystallization raised the melting point 
61° and 1460 (cyclohexane) and sub- 
sequent recrystallization brought about change. 

The entire preparation, starting from kg. ling 
cod liver oil was repeated. The crystallized 
(prepared Dalvi) was spectroscopically 
almost identical with the above product, but the 
melting point was 77°. Analysis agreed closely with 
The difference may due dimorphism 
cis-trans isomerism. 
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Properties 


Solvent 
cycloHexane 385 
Light petroleum 385 

390 
Chloroform 405 
408 
Ethanol 390 
400 
SbCl, reagent first 735 
735 
After hr. 695 
473 
Sulphuric acid 735 
Phosphoric acid 735 
700 
Alcoholic p-aminobenzoic acid and 545-560 
conc. HCl 
Alcoholic aniline and conc. HCl 525-535 


The colour test, studied the Beckman spectro- 
photometer shows that the 735 and maxima 
actually appear instantly full strength, the 
latter, however, being inflexion. Both bands 


lvii 

Inflexion (my) Melting 
1460 310 
1460 310 
1450 310 
1420 315 
1357 320 
1240 310 
1400 315 
4050 705 
3720 705 
640, 580, 560, 510 

505 appear standing 

Violet colour 
Violet colour 

fade from the start, but the former fades much 


more quickly than the latter, that after 
few minutes actual maxima can 
recorded. 
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The Function Carbonic Anhydrase Gastric Mucosa. 
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(Unit for Research Cell Metabolism, Department Biochemistry, The University, Sheffield 10) 


Carbonic anhydrase was found cells 
Davenport (1939, 1940a), who claimed have 
inhibited carbonic anhydrase, and hence gastric 
secretion, dogs thiocyanate (Davenport, 
1940b). However, Feldberg, Keilin Mann (1940) 
showed that acid secretion cats was largely 
inhibited thiocyanate when the gastric carbonic 
anhydrase, estimated either 15° extracts 
made grinding the tissue with sand, was only 
10% inhibited. inhibition acid secretion 
occurred when the gastric carbonic anhydrase, 
estimated before, was between 80% and ‘com- 
pletely’ inhibited sulphanilamide (not less than 
6-4 the blood) (Feldberg, Keilin Mann, 
1940, 1948). Davenport (1946) also failed inhibit 
acid secretion cats with 1-4 
2-sulphonamide withdrew the original claim. 
Similar results turtles were reported Anderson 
Wilbur (1948). 

Since the animals used were respiring normally, 
seems certain that all these experiments the 


carbonic anhydrase the blood and therefore the 
stomach was not completely inhibited vivo. 
However, less than the activity the enzyme 
extractable from oxyntic cells required catalyze 
the uptake CO, during the secretion (Davies, 
1948; Davies Roughton, 1948). 

series twenty-eight experiments has been 
carried out using acid-secreting frog and toad gastric 
mucosa (for technique see Davies, 1948). The 
addition the carbonic anhydrase inhibitor 
p-toluenesulphonamide (Krebs, 1948) final con- 
centrations 1-7 always caused complete 
inhibition acid secretion exps.); the 
was lowered but acid secretion continued 
did not inhibit respiration acid secretion exps.). 
Even 1-7 10-? had 
effect the unstimulated respiration frog liver, 
sartorius muscle, back skin, pancreas gastric 
mucosa (10 exps.) (compare Mann Keilin, 1940). 
this concentration the was inhibited slightly 


J. 
lly 
ith 


lviii 
during the first hr. after addition and completely 
during the second hr. and subsequently. There was 
increase the this would expected 
the oxyntic cells were damaged exps.). Similar 
effects were obtained with 
benzoic acid and m-prontosil soluble but not 
with m-sulphanilamide exps.) (Krebs, 
1948; compare Feldberg al. 1940). 

Carbonic anhydrase needed prevent accumu- 
lation alkali acid-secreting oxyntic cells (Davies 
Roughton, 1948) and allow the cell transport 
ions from the medium exchange for ions 
(compare Keilin Mann, 1941). 
the enzyme should thus lead the disorganization 
acid-secreting oxyntic cells. The Qo, acid- 
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secreting frog and toad gastric mucosa wasreduced 

1-7 the amount 
expected (usually 20-30%) the respiration 
the acid-secreting oxyntic cells had been stopped 
exps.). 

trace carbonic anhydrase activity was ever 
found concentrated extracts mucosa from such 
experiments, using the technique Krebs Rough- 
ton the extracted enzyme was inhibited more 
than 99%. direct evidence available the 
fraction the enzyme inhibited the intact oxyntic 
cells, but these experiments are accordance with 
the theory advanced previously (Davies, 1948) that 
carbonic anhydrase plays role the process 
acid secretion these cells. 
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Study the Partition Chromatography 
Medicine, Leeds) 


The use partition chromatography for the analysis 
gross changes occurring urinary amino-acid 
output conditions such acute yellow atrophy, 
and Fanconi syndrome, has been demonstrated 
Dent (1947). attempts apply the method 
examination the partial amino-acid-urias ob- 
served diabetes, has been found that far less 
clear-cut results can obtained. From study 
eighty cases diabetes appeared that only 
forty cases was there any ninhydrin positive material 
present detectable amounts, and only twenty 
was marked amino-acid-uria existent. Hence 
appeared desirable determine whether normal 
urines showed similar variations, that basis for 
comparison could obtained. 

Normal urines from students and from hospital 
cases having known metabolic disorder, have been 
examined, and the following facts, essential before 
comparison can made with any but the more 
gross cases amino-acid-uria, have been observed. 

There marked relationship between the total 
concentration amino-acids the urine and the 
sum the individual intensities the separate 
spots the chromatogram. the arbitrary 
values assigned each spot, the majority 


Normal Urines. 
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normals, lies below whereas the diabetes 
samples have values excess 15. (On this scale 
the values for urine sample from Fanconi’s syn- 
drome would have value about 50.) Variations 
protein intake between and 150 per day 
not alter the amino-acid output the colour pro- 
duction any corresponding degree, and although 
menstruation and pregnancy appear alter the 
amino-acid output slightly, the changes are not such 
raise the figures outside the ncrmal range. 
There is, however, indication that females excrete 
more amino-acids than males and that samples 
passed after long periods retention the bladder 
are likely give deeper colours than those obtained 
under conditions rapid diuresis. 

drawn from these observations 
appear that sample, collected under normal 
conditions under conditions affected merely 
colour intensity, significantly above the value 
arbitrarily assigned the number may assumed 
pathological. Also that, below this threshold 
value, considerable variations normals occur, for 
the study which the technique paper chromato- 
graphy admirably suited. 
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Growth Factor for Corynebacterium diphtheriae from Yeast. 


and Medicine, Leeds) 


has been prepared from acid hydro- 
lysate yeast which has marked growth-promoting 
activity for the Dundee (Barton) strain Coryne- 
bacterium diphtheriae, otherwise characterized 
medium. The following flow sheet indicates the 


Brewer’s Baker’s Yeast 

Filtrate Residue 

Filtrate Residue 

Filtrate Residue 

Filtrate Residue 

Filtrate Residue 

Phenyl hydrazine and NaAc cold 
Filtrate Residue 

50% with chilling 
Filtrate Residue 


Growth Factor for Corynebacterium diphtheriae from Yeast. 


Components. 


lix 
(Departments Biochemistry 


The material the seventh stage the purification 
had activity, based the dry weight total 
solids, 0-00001 medium. One third 
the dry weight reducing substance, but, although 
the majority the activity destroyed the 
formation osazone, there direct evidence 
the presence sugar the active material. The 
activity is, however, also destroyed ninhydrin, 
the material giving the characteristic peptide 
amino-acid colour, and nitrous acid, and there 
considerable evidence for the presence peptides 
the conjugate since the activity partially 
destroyed acid hydrolysis. this, the 
absence any simple method for the separation 
the factor from the aqueous phase, and also its 
presence casein hydrolysate, there marked 
resemblance strepogenin. The latter is, however, 
only 1/1000th part active for this strain 
diphtheriae. 

Material similar not identical nature has 
been shown be. present liver extracts, both 
and from fish, and also, human urine. 


Identification the 


(Departments Biochemistry and Medicine, Leeds) 


Two-dimensional partition chromatograms 
highly purified yeast fraction 47) have shown 
the presence twelve ninhydrin positive com- 
ponents. these, four have been identified 
direct comparison with authentic specimens, the 
free amino-acids, glutamic acid, serine, glycine and 
isoleucine. the other eight, four least are 
definitely peptide nature, being hydrolyzed 
acid. The other four are acid stable, but may still 
peptide nature. One the acid-labile peptides, 
present apparently the extent nearly one 
third the «-amino nitrogen the preparation, 
hydrolysis can shown tri-peptide con- 
taining serine, glycine and glutamic acid; partial 
degradation products, one which has value 
comparable with that seryl-glycine, have also been 
obtained, and these for the presence 
two the other peptide spots. view this 
interesting note that Woolley has claimed 
partial strepogenin activity 


acid and that common both and 
strepogenin. 

Treatment the whole preparation with «-amino- 
acid oxidase causes decrease activity, and the 
disappearance those spots proved free amino- 
acids and one the acid stable components. 
Similar treatment after acid hydrolysis removes the 
rest the activity, thus indicating that the activity 
may assumed associated with least two 
fractions, one which peptide nature, the other 
apparently having the properties free amino- 
acid. Activity has actually been shown 
associated with three the components; two the 
peptides, and fraction which travels very slowly 
both phenol and collidine and which stable acid 
hydrolysis. 

All three fractions are required for complete 
growth, association certain pairs, however, giving 
partial growth. 


O- 
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The Coenzyme-like Action Tryptophan the Biosynthesis Nicotinamide Bact. coli. 


2-, 4-, and tryptophans prepared 
and kindly supplied Rydon (1948) 
inhibit vitro completely the synthesis nicotin- 
amide (Nam.) ammonium lactate (am. lact.) 
medium containing ornithine Bact. 
without affecting their growth. This inhibition, 
combination with results Heidelberger, Gullberg, 
Morgan Lepkowsky (1948) that after intake 
the eliminated Nam. metabolites 
were not radioactive, suggested the possibility that 
tryptophan was not directly converted into Nam., 
but acted only catalyst the synthesis. 

This hypothesis was tested the following 
experiments: 

Washed coli, broken coli, saline washings 
the iatter, undialyzed and dialyzed, and the 
washed fragments were tested for their activity 
synthesize Nam. saline phosphate am. lact. 


media containing addition, tryptophan, ornithine 
both them concentrations. While the 
washed cell fragments had lost all Nam. synthesizing 
ability the four other preparations showed essentially 
identical behaviour. 

Nam. was formed saline phosphate medium 
the absence presence tryptophan even when 
glucose was added source energy. am. lact. 
when ornithine was added either medium Nam. 
formation occurred which increased three 
seven times when tryptophan was added 
am. lact. The already considerably greater Nam. 
synthesis from ornithine was little increased am. 
lact. and not saline phosphate. 

These results favour the conception coenzyme- 
like action tryptophan the bacterial Nam. 
synthesis. 
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Shemin Rittenberg (1946) have shown that the 
nitrogen glycine utilized specifically for the 
synthesis porphyrins the rat and man. The 
present investigations were carried out order 
establish whether the glycine enters into all four 
pyrrole rings. For this purpose was necessary 
elaborate micro-methods for the degradations 
porphyrins. Rabbits were fed 300 mg. glycine (30 
atom excess kg. body weight over days 
and killed weeks later. From the haemoglobins 
protoporphyrin methyl ester was obtained which 
was reduced with and methyl methacrylate 


polymer mesoporphyrin ester (80% yield). The 
latter was oxidized methylmaleimide 
matinic acid yield. These two substances 
were obtained crystalline. The contents both 
substances were similar, suggesting that glycine 
metabolic derivative glycine the precursor 
the nitrogen both acidic and pyrrolic 
rings. Experiments carried out rats, which 
the content haemin was compared after 
feeding equivalent amounts isotopic glycine and 
ethanolamine, indicated clearly that the latter 
not precursor the porphyrin structure. 
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The Micro-estimation Citric Acid. (Runwell Hospital, nr. Wickford, 


Essex) 


The methods which citric acid estimated 
pentabromoacetone consist two phases: (1) the 
conversion citric acid into 
(2) the estimation pentabromoacetone formed. 
Most recent modifications concern the latter, whereas 
the former has hardly been changed since was 


described Stahre 1895. However, the use 
oxidizing agent not without danger 
excess must avoided; furthermore, recoveries 
are often low presence other oxidizable sub- 
strates. the modification proposed citric acid 
oxidized 50° vanadic acid 10N-H,SO, 
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the presence bromine water. The use vanadic 
acid was suggested observation Pozzi-Escot 
(1946). The yield pentabromoacetone practically 
quantitative; large excesses oxidizing agents are 
harmless, the presence many natural substrates 
excess does not interfere and the specificity the 
reaction increased, as, for example, hydroxy- 
butyric acid gives colour. 

for the colorimetric estimation the penta- 


bromoacetone formed number recently de- 
scribed modifications were tried, but held that 
the sodium sulphide method (Pucher, Sherman 
Vickery, 1936) still superior any other from the 
point view speed, simplicity, specificity, and 
sensitivity. stabilizing agent required the 
petroleum ether used for extraction pentabromo- 
acetone has been properly purified and the 
coloured extract protected from strong light. 
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The Hexokinase Reaction Indicator Hormonal Levels Human Blood. 
MALHERBE. (Runwell Hospital, nr. Wickford, Essex) 


Evidence mounting show that the phosphoryla- 
tion glucose catalyzed hexokinase under 
direct hormonal control, being inhibited pituitary 
and adrenocortical hormones and reactivated 
insulin. 

has been found that the activity rat brain 
hexokinase greatly influenced the addition 
certain samples plasma corpuscle haemolysate 
human blood, withdrawn from the antecubital 
vein (1) ‘normal’ subjects, (2) diabetics, (3) 
patients during and after insulin hypoglycaemia. 

Effects plasma. Addition plasma from normal 
fasting subjects the hexokinase system usually 
without significant effect, but after food intake 
increasingly develop. the small 
sample diabetic patients available, the opposite 
effect was observed. post-absorptive inhibition 
which, after insulin medication, was absent 
replaced activation. During insulin hypo- 
glycaemia three types response were observed: 
(1) absence marked activation inhibition; 
(2) prevalence inhibition (more frequent men) 
(3) strong activation (more common women). 


These effects may explained the assumption 
that inhibiting and activating factors are present 
plasma varying relative amounts. 

corpuscle haemolysates. These usually 
show strong activating effect already specimens 
from fasting subjects. particularly noteworthy 
that this activation occurs also with ‘diabetic’ 
haemolysates. Haemolysates from hypoglycaemic 
patients may show inhibition effect, especially 
when there inhibition the plasma. Otherwise 
there little correlation between the effects 
haemolysates and plasma. 

The effects described cannot accounted for 
either unspecific protein effects the presence 
hexokinase ATP the samples. 

Commercial insulin (‘A.B.’) added vitro (0-5 
unit/ml.) was found have significant effect 
rat brain hexokinase activity, either presence 
absence blood samples. particular does not 
reverse the inhibiting effects samples diabetic 
hypoglycaemic plasma. 


The Metabolism N-Acetylglucosamine Streptococci. (Biological Research 
Department, Dental School and Hospital, Leeds University) 


Despite the importance amino sugars con- 
stituents wide variety polysaccharides, such 
chondroitin sulphate, hyaluronic acid, chitin and 
those present saliva other mucins, little 
known about their metabolism either animals 
bacteria. Lutwak-Mann (1941) examined some 
detail the breakdown glucosamine animal 
tissues and few strains bacteria concluding 


that kidney, testis and the bacteria contain powerful 
enzyme which oxidize and deaminate the 
amino sugar. Both aspects the process were found 
and merthiolate, whereas cyanide was much more 
effective against oxidation than deamination. 
acid substance was formed during oxidation which 
was neither lactic nor acetic acids. 


the present work the streptococci have been 
selected for study because some are capable 
synthesizing comparatively large amounts hexos- 
amine containing polysaccharides, whilst others can 
break down such macromolecules and utilize the 
liberated hexosamines. Thus seemed likely that 
these organisms would have active amino sugar 
metabolism. 

The end-products formed from N-acetylglucos- 
amine ten different strains Streptococcus hae- 
molyticus group and group and seven Strepto- 
coccus viridans isolated from the mouth have been 
examined. The results show that mole N-acetyl- 
glucosamine broken down give mole 
ammonia, equivalent volatile acid and from 
1-2 1-7 moles substance which possesses the 
properties lactic acid. Washed suspensions the 
organisms were used and the reactions conducted 


Quantitative Estimation Threonine and Phenylalanine Content the Polymyxins. 


PROCEEDINGS THE BIOCHEMICAL SOCIETY 


and 7-2. The yields lactic acid from 
the amino sugar are closely similar those obtained 
from glucose. The rates deamination, lactic-acid 
formation and the utilization N-acetylglucos- 
amine are closely similar and there evidence 
any lag deamination. Lactic acid formed 
from glucose twice twenty times faster than from 
N-acetylglucosamine. Concentrations from 
partially inhibit deamination the 
amino sugar. Deamination, utilization and lactic- 
acid formation are all partially inhibited fluoride, 
citrate, capryl alcohol, iodoacetate, bisulphite, 
dimedone and toluene. There suggestion 
that deamination rather more easily inhibited 
than utilization some the reagents. The 
results general suggest that the pyranose ring 
structure possibly broken before deamination 
occurs. 


(Wellcome Research Laboratories, Beckenham, Kent) 


The polymyxins are polypeptide antibiotics derived 
from various strains Bacillus polymyxa (Brownlee 
Jones, 1948). All have threonine constituent 
amino-acid and two them, polymyxin 
contain phenylalanine (Jones, 1948). 

Available microchemical methods have been 
applied the estimation these two amino-acids 
hydrolysates the antibiotics. Threonine has 
been estimated Winnick’s method (1942) using 
Conway diffusion cells. 

Phenylalanine has been estimated modifica- 
tion Kapeller-Adler’s method (1932). Preliminary 
hydrolysis not necessary since heating with the 
nitration mixture potassium nitrate and con- 
centrated sulphuric acid causes simultaneous hydro- 
lysis and nitration. The nitro compound then 
acid with hydroxylamine hydrochloride and am- 


monium sulphate followed sodium hydroxide 
(Albanese, 1944). 

The amino-acid content directly related 
antibiotic activity and the methods can therefore 
applied the estimation the polymyxins. 

The purest sample polymyxin ‘B’ far 
obtained (10,600u/mg.) contains phenylala- 
nine and threonine. These values suggest 


that the amino-acids are present the polypeptide 


molecule the ratio two molecules 
alanine three threonine and that the minimum 
molecular weight polymyxin approximately 
2500. 

The purest sample polymyxin examined 
molecular weight corresponding this figure would 
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